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(54) 7-Oxabicycloheptane carboxylic acid prostaglandin analog intermediates useful in the preparation 
of antithrombotic and anti-vasospastic compounds and method for preparing same. 

(57) A method is provided for preparing carboxylic acid intermediates of the structure 



(CH 3 ) a -C0 3 alkyl 




wherein an aldehyde of the structur 



Q. 

LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 626 384 A1 




CHO 



is prepared and subjected to a Homer-Emmons reaction to form the ester of the structure 




CO a alkyl 



and the ester is hydrogenated to the carboxylic acid which may be used in making the final 
anti-thrombotic - anti-vasospastic compounds. 
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The present invention relat s to novel 7-oxabicycloheptane carboxylic acid prostaglandin analog inter- 
m diat s which may be used to prepare a final anti-thrombotic - anti-vasospastic product, and to methods for 
pr paring same. 

U.S. Patent No. 5,100,889 to Misra taldisclos s 7-oxabicycloheptyl substitut dh t rocyclic amide pros- 
taglandin analogs which are thromboxane A 2 (TXA 2 ) r ceptor antagonists or combined thromboxan A 2 recep- 
tor antagonist/thromboxane synth tase inhibitors useful, for exampl , in the treatm. nt of thrombotic and/or 
vasospastic diseases, and have good duration of action. Examples of compounds disclosed in Misra et al have 
the structural formula I 



10 
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(CH 3 ) D -co 2 «lkyl 



25 



and including all stereoisomers thereof, wherein 
m is 1 , 2 or 3; n is 0, 1 , 2, 3 or 4; 

R 1 is hydrogen, lower alkyl, aralkyl, aryl, cycloalkyl, cycloalkylalkyl, or amide 



O H 
•'I 

<-(CH 2 ) t -C-H-R % 



or 



H O 

-<CH a ) t -l!-C-Il. 



30 



35 



wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl, or cycloalkylalkyl); 

R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or R 1 and R 2 together with the nitrogen to which they are 
linked may form a 5- to 8- membered ring. 

Misra et al disclose that these compounds may be prepared by transmetallating bromophenylalkyl B 



40 




45 



by treatment with t-C 4 H 9 Li or n-C 4 H 9 Li or subjecting B to a Grignard reaction by treatment with Mg, and then 
condensing with the perhydro benzopyran-3-ol derivative or the per hydro benzofuran-1-ol derivative C 



50 



(CHa>*-i-CH~ OH 



55 




to form the cond nsed 7-oxabicycloheptan alcohol compound of the structure 2 
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30 Where Pro is thexyl dimethyl si I yl or t-butyldimethylsilyl, the alcohol is acetylated and the silyl protecting group 
of the so-formed acetate is removed to form the following acetate: 



35 



40 




45 which is treated with a protecting compound and the acetate is removed by treatment with aqueous hydroxide 
or excess methyllithium to form the following alcohol: 



50 



55 
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(where Pro is t-butyidiphenylsilyl) . 

The protected alcohol is subjected to a Jones oxidation to form the following acid: 




(CH a ) a4l -OPro 



The so-formed carboxylic acid intermediate is then employed to make the final compound. 
In a more preferred procedure, Misra et al disclose protecting the alcohol function of alcohol Z to form the 
protected alcohol 




(CH 3 ) n+1 -OPro 



subjecting the protected alcohol to a Jones oxidation and esterif ication to form the ester 



o 
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which is made to undergo hydrogenolysis and subsequ nt removal of the acetat protecting group by trans- 
esterification to afford the alcohol 




15 

which is subjected to a Jones oxidation to form the carboxylic acid intermediate II 
II 



25 




(CH a ) D -CO a alkyl 



In an alternative procedure where n is I, the above carboxylic acid intermediate II is formed by treating & 
with acetic anhydride and removing the protecting group to form the acetate alcohol 

35 



40 



45 




which is made to undergo a Dess-Martin oxidation to form the aldehyde 
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,CH a -CHO 



5 




(CH a ) fc 



10 



CH 2 -OCCH) 



15 The above aldehyde is oxidized and esterif ied to the corresponding acetate ester, deprotected, and subjected 

to a Jones oxidation to form carboxylic acid II where n is L 

In accordance with the present invention, methods are provided for preparing intermediates for use in the 

preparation of 7-oxabicycloheptyl substituted oxazole amide prostaglandin analogs as described hereinafter 

which are useful as anti-thrombotic and anti-vasospastic compounds. 
20 Various aspects of the invention are hereinafter set out in the claims. 



Preferred methods of the invention are outlined in Reaction Schemes 1 to 6 set out below. 
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React i o n Schflgifi 1 - Preparation of Carboxylic Acid 
Intermediate IIA 



10 



15 




III 



CHO 



20 



Hornar-Rmmons 
Reaction 

O 
II 

(CHjOaP^ co 3 r 
IV 

■ V 

1) Bass much as DBU; 
LiCl and CH 3 CN or 

2) BtM such as NaH or 

LiH(Si<CH 3 ) 3 ) 2 in THF or 
potassium t- amy lata 



25 



30 




CO a R 



Hydroganation 

H 2 , Pd(OH) 3 /C 
CH3OH1THF (2tl) 



IIA 



at laast 90% 
trans (R-alJcyl) 
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'CO a R 



IIA 



55 



8 



EP0 626 384 A1 



Reaction gg^ ffmfl 3 - Alternate Preparation of 
Carboxylic Acid Intermediate IIA 



Knoavanagal Reaction 
ttalonic Acid 
Pyridine 
Flparldi&a 

( catalyt ic amounts ) 



III 




VI 



VI 



B'tarif lcation 

alkaaol 

(CH3OH) 
H a fl0 4 



Hydroganat ion 

H 2 i Pd(OH) a /C 
CH 3 OH:THF (2x1) 



IIA 



Reaction ggh^ ft 3 - Preparation of Starting 
Aldehyde III 



Imida formation 



HC R» 



VII 




VIII 



1) 



2) 



Xt 3 H; THF 
(CO a H) a 
or 
toluana 
xmtXux 
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10 



rlgnard R*acti n 
StMgCl <pr*»«nt wh«r« 

R 9 is OH) ; THF 




ZA 



MgBr 



XI 



O 
b 



5 



.OMgBr 



R 9 V 



*5 



20 



25 



Reduction 

NaBH* 
Ithanol 



[XI] 




30 



35 



40 



1) Toluana (Lactonixatlon) 
3) IN HaOHsltOR <4il) 
3 ) Waah XtOAc 



XIX 



4) THF | 10% HC1 to pH<2 




CRO 



XXI 



45 
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Reaction gghftaft 4 - Preparation of Final Product 
Starting with Carboxylic Acid Intermediate IIA 




C0 2 al)tyl 



Coupling Reaction 
1) oxalyX chlorlda, 

toluana, DKF (cat.) 

.... fr»~ XIV 

2) CH 3 C(0)C 3 H 5 
Aq. NaHCQ 3 



<CO a H>,.H a H v ^Jl R* 
xiii > 0H 




XIV 



co a alkyl 



Xasylation 
mathanaaulf onyl 
chlorlda , trlathyl- 
anlna , dinathyl - 
f oxmanida ( DXF ) 



[XV] 




CO a alkyl 



XV 



Cyclization 
triathylaaina, 
diaathylf ormamid* 



XVI 
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i— pi 



xidati & 

CO a alkyl c P»«<"> bromida, 
1, 8-diaiabicyclo- 
[5*4*0] undtc-7 -ana 
(DB0) , haxamathylana 
t«trial&« # 
CH 2 C1 2 or CH 3 CH 



CO a alkyl 



— R 1 



Saponification 

1) sodium hydroxldi 
vatar, 

tatrahydrof uran 

(THE) 



Acidification 

2) hydrochloric acid 



CO a H 



— R 1 



Salt formation 
■odium mathoxida , 
acatona, mathanol 



IC 




R* 
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Reaction ffchfiac 5 ~ Preparation of Starting 
Compound XIII 



II Bansyl f|J H 0 

II a 



OR 



Bansyl 
chl< 
%0H sodium 

hydroxide , 
water 



L-aar ina 



V 



OH 



cirbobtnzyloxy- 
L- sarin* 



carbobansyloxy- 
L-sorina 



DBU, R i 
triaathylacatyl ^ (XV n), 
chlorida, 

pyridine , 
athyl acatata, 
•thanol 



[XVIII] 



O 1 R a 

OH 

XVIII 



hydrogen, palladium 
on carbon, •thanol 



[XIX] 



i. 



OR 



oxalic acid, 
•thanol, water 



(C0 3 H) 3 .H 3 H 



XIII 



V 



J. 



OH 



XIX 
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Reaction gghf Pft $ - Alternative Preparation of 

Intermediate Chiral Imide IX where R 7 *H 
Scheme gft 





Vila 



I H 



I r 9 (Chiral) « 



VII 



Vila 



n-Butyl acatat* 




(alxtura of 
dUtttr«om«ri ) 



XX 



Reduction 



H 2 , Pd/C 




XXII o 



(mixture of 
dl«.t«r«omirf) 



XX 



Cyclixation ^ 7 / ^Y H H , 

11 v>l-H> : 

° R 7 



Chiral) 



IX 
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Scheme fig 



HaS^r^R 7 Sllylating Y 

C *9«&t, THP V=/ 

I 

HC- R* ► XXVII 

oh "flux, roflux, 

VIIA °* 1 h 0*5 h 




Removal of «ilylat«d 
group and ring cloauro 
. H 2 0, TBAF 

R 

» XXVIII 

R» Ac a O, Et 3 N, 

HC 

^ reflux, 2*5 b 



OSi <al*yl) 3 

XXVII 



O 



r R 7 



I XXIX 

HC— R* 

ococh 3 



XXVIII 
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XXIX 




XXX COCH 3 



ZZZ 




zc 



Referring to the above Reaction Schemes, one aspect of the present invention includes a method for pre- 
paring carboxylic acid starting material MA 

IIA 




wherein R is lower alkyl preferably methyl or ethyl. As shown in Reacton Scheme 1, in accordance with the 
present invention, carboxylic acid IIA is prepared from starting aldehyde III (which is a novel compound in ac- 
cordance with the invention) and is preferably in substantially enantiomerically pure form, which is made to 
undergo a Horner-Emmons reaction wherein aldehyde III is treated with a phosphonic diester compound IV in 
the presence of a base such as 1,8-diazabicyclo-[5.4.0]-undec-7-ene (DBU), or 1,5-diazabicyclo-[4.3.0]non- 
5-ene (DBN), or Hunig's base (diisopropyl-ethylamin ), preferably DBU, and an inert organic solvent such as 
acetonitrile, tetrahydrofuran (THF), dimethoxyethane or toluene, preferably, acetonitrile, and an alkali m tal 
salt such as lithium chloride, lithium bromide, or an alkaline earth metal salt such as MgBr 2 , or magn sium meth- 
oxid , to form th st r V wher in R is low r alkyl such as methyl or ethyl (which is a nov I compound in ac- 
cordanc with th pres nt invention). As shown in Sch me 1 , th est r V will be primarily in the form of the 
trans isomer. 
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Alternatively, the Horner-Emmons reaction may be carried out by substituting for DBU, as a base, an alkali 
metal hydride such as sodium hydride, or lithium bis(trimethylsilyl)amide, or potassium t-amylate, in an inert 
organic solv nt such as tetrahydrofuran, toluene or dim thoxy thane. 

In another variation on Scheme 1 , th aid hyde III may be homologated to form ester V by treating III with 
5 a magn sium salt of a monoalkyl malonat of th structur 




wherein R a is a lower alkyi, such as methyl or ethyl, in the presence of THF or other etheral solvent such as 
diethyl ether. 

15 The ester V (primarily in the form of the trans isomer) will be subjected to a hydrogenation wherein ester 

V is treated with hydrogen in the presence of a hydrogenation catalyst such as Pd(OH) 2 /C or Pd/C, and in the 
presence of an alcohol solvent such as methanol or ethanol, and an inert organic solvent such as THF, ethyl 
acetate or dioxane, to form carboxylic acid IIA. 

In an alternative embodiment as shown in Reaction Scheme 2, carboxylic acid intermediate IIA is formed 

20 by subjecting aldehyde III to a Knoevenagel reaction where III is treated with malonic acid in the presence of 
a base-solvent such as pyridine, 2,6-lutidine or collidine, and a catalytic amount of piperidine, to form acid VI 
(which is a novel compound in accordance with the present invention). Acid VI may then be esterif ied, for ex- 
ample, by reaction with an alkanol, such as methanol or ethanol, in the presence of a strong acid catalyst such 
as sulfuric acid, p-toluenesulfonic acid or camphorsulfonic acid, to form the ester V. Ester V may then be hy- 

25 drogenated as described above with respect to Reaction Sequence 1 , to form carboxylic acid intermediate IIA. 

The starting aldehyde III may be prepared, in accordance with the present invention, as shown in Reaction 
Scheme 3 starting with amine VII 



0 i 
35 |j> a 0 



wherein 

R 7 is aryl or lower alkyl, preferably phenyl, 
40 R 8 is H, aryl or lower alkyl, preferably H, 

R 9 is H, OH or lower alkyl, preferably OH or H. 
However where R 9 is OH, amine VII will preferably have the structure 



45 



50 



WX2S 



c 

A 0 



Amine VII is made to undergo imide formation by dehydration by reacting VII with anhydride VIII in the 
presence of a weak organic base such as triethylamine, diisopropylethylamine or N-ethylpiperidin , an inert 
organic solvent such as THF, toluene or benzene and an acid such as oxalic acid, malonic acid or p-toluen - 
55 sulfonic acid, to form imide IX which is a nov I intermediate. 

Alt rnatively, imide IX may be formed by r acting VII with anhydride VIII in th presence of an aromatic 
solv nt such as toluene, b nzene or xyl ne, preferably at reflux with az otropic removal of water. 

Imid IX is th n subjected to an addition reaction by treating IX with a metallated aryl compound of the 
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structure 



10 




wherein Metal is MgBror Li. Where Metal is MgBr, such Grignard reagent XA is prepared by dissolving the halide 

15 



20 




25 (wherein halide refers to Br or I), 

in an inert organic solvent, such as THF, dioxane, toluene or t-butylmethyl ether, and mixing the so-formed 
solution with magnesium to give the aryl Grignard reagent XA. 

A cooled solution of imide IX in an inert organic solvent such as THF, t-butylmethyl ether, toluene or diox- 
ane, is mixed with a solution of an alkyl (or aryl) magnesium halide such as ethylmagnesium chloride, ethyl- 

30 magnesium bromide or phenylmagnesium chloride (used only if R 9 is OH) in the same solvent used for imide 
IX, followed by the Grignard reagent XA, to form intermediate XI which is reduced, for example, by reaction 
with a reducing agent such as sodium borohydride, lithium borohydride or zinc borohydride, in the presence 
of an alcohol solvent such as ethanol or methanol, to form amide XII. 

Where the metallated aryl compound X to be employed is the aryl lithium derivative XB and R 9 =OH, imide 

35 IX may be first treated with an alkyl lithium compound (R a Li where R a is lower alkyl) such as methyllithium, 
ethyllithium or butyllithium, and then with the aryllithium derivative XB 



45 




in the presence of an inert organic solvent such as THF, toluene, tert-butylmethyl ether or diethyl ether. The 
resulting intermediate XI A (same as XI except MgBr is replaced with Li) is reduced as described for XI to form 
so amide XII. 

Amide XII is made to undergo lactonization by dissolving XII in toluene and heating to form the lactone 
XI I A (which is a novel intermediate) 



55 
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XIIA 



5 



10 




15 which is treated with water and a base such as NaOH, KOH, LiOH, Mg(OH) 2 or Ca(OH) 2 in the presence of an 
alcohol solvent such as ethanol or methanol, to form the salt XIIB (which is a novel intermediate) 

XIIB 

20 



25 




30 If 

O 

where M + is a metal ion such as Na + , K + and the like. 

XII may be treated with NaOH directly to form salt XIIB. 
35 Salt XIIB is then treated with strong acid such as hydrochloric acid, sulfuric acid, or nitric acid in the pres- 

ence of an inert organic solvent, such as THF, isopropanol or dioxane, to form starting aldehyde III as a single 
enantiomer as shown. 

In a further aspect of the present invention, as seen in Reaction Scheme 4, the carboxylic acid HA inter- 
mediate is employed to prepare a thromboxane receptor antagonist IA-IC. As seen in Scheme 4, carboxylic 

40 acid MA is subjected to a coupling reaction wherein carboxylic acid IIA in an inert solvent such as toluene, me- 
thylene chloride, or 1,2-dichloroethane is treated under an inert atmosphere with a catalytic amount of DMF. 
The resulting mixture is cooled below 0°C and oxalyl chloride or other reagent for acid chloride formation such 
as thionyl chloride is added to form an acid chloride solution. Where thionyl chloride is to be employed, car- 
boxylic acid IIA need not be treated with catalytic DMF. 

45 Amide XIII (prepared as described in Scheme 5) is added to an aqueous sodium bicarbonate solution and 

an inert organic solvent such as methyl ethyl ketone, methylene chloride or THF is added to form a biphasic 
mixture which is cooled to from about 30 to about -1 0°C. The previously prepared acid chloride solution is added 
and the mixture heated to a temperature within the range of from about 40 to about 80°C to form amide XIV. 
Amide XIV is mesylated by treating a solution of amide XIV in DMF or other solvent such as methylene 

so chloride or THF, with an organic base such as triethylamine, pyridine or 2,6-lutidine and then while maintaining 
the mixture below about 5°C, methanesulfonyl chloride is added to form the mesylate XV. Mesylate XV is cy- 
clized by treating XV with triethylamine or other organic base as set out above, in the presence of DMF or other 
solvent as set out above to form oxazoline XVI. 

Oxazoline XVI is oxidized using cupric bromid and 1 ,8-diazabicyclo[5.4.0]undec-7- ne (DBU) in the pres- 

55 ence of hexamethylenetetramine and an inert organic solvent such as methylene chloride to form oxazole ester 
IA which is saponified by treatment with strong bas such as NaOH, KOH and the lik , in aqueous-organic 
solvent such as THF or dioxan , and then is acidified by treatment with strong acid such as HCI, sulfuric acid 
or trifluoroacetic acid to form oxazol acid IB. Oxazol acid IB may then be tr ated with alkali m tal alkoxide 
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such as sodium methoxide, sodium 2-ethan-hexanoate or sodium ethoxide, in the presence of inert organic 
solvent such as ac ton , THF or ethyl acetate, and an alcohol such as methanol or ethanol to form oxazole 
salt IC. 

Referring to Reaction Sch me 5, th amid XIII (us d in Scheme 4) is prepared by reacting an aqueous 
5 solution of L-s rin and NaOH with b nzyl chloroformat toformcarbobenzyloxy-L-serin which is tr atedwith 
DBUund ran in rtatmosph r .Thereaft rtrim thylacetyl chloride and amine XVII are added to form amide 
XVIII which is deprotected by treatment with H 2 and Pd/C in the presence of an alcohol solvent, such as ethanol 
or methanol, to form amide XIX which is treated with oxalic acid or another acid such as HCI or trif luoroacetic 
acid in the presence of alcohol solvent such as ethanol or methanol to form amide XIII. 
10 In the amine XVII, R 1 and R 2 are as defined in U.S. Patent No. 5,100,889 which is incorporated herein by 

reference. 

Thus, R 1 is hydrogen, lower alkyl, aralkyl, aryl, cycloalkyl, cycloalkylalkyl, or amide 



15 



OH HO 

II I I II 

(-(CHaK-C-H-R* or - <CH a ) t -H-C-R.) 



wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl, or cycloalkylalkyl); and 
20 R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or R 1 and R 2 together with the nitrogen to which they are 

linked may form a 5- to 8- membered ring. 

R 1 is preferably lower alkyl such as n-pentyl, aryl such as phenyl, halophenyl such as 4-chlorophenyl, or 
cyclohexylalkyl, such as cyclohexylbutyl. 
R 2 is preferably H or phenyl. 
25 The novel intermediates of the invention have the structures 
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5 



10 




including all stereoisomers thereof, 
15 wherein 

R 7 is aryl or lower alkyl, preferably phenyl, 
R 8 is H, aryl or lower alkyl, preferably H and 
R 9 is H, OH or lower alkyl, preferably OH or H. 
In compound B, where R 9 is OH, compound B will preferably comprise the enantiomer 

20 



25 



30 




In Compound B where R 9 is not OH, compound B will preferably comprise the enantiomer 



40 



45 




1 C R° 



<Et B *OH) R 

50 

In carrying out the method of the invention as shown in Scheme 1 for preparing carboxylic acid IIA, the 
Horner-Emmons reaction is carried out in the presence of base and optionally an alkali or alkaline earth metal 
salt such as a lithium halide, for example, lithium chloride, lithium bromide, lithium iodide or magnesium bro- 
mid , employing a molar ratio of phosphonic acid IV: aldehyde III of within the range of from about 1 :1 to about 
55 1.5:1, pr ferably from about 1:1 to about 1.2:1, und ran in rt atmosphere such as argon or nitrogen, to form 
the ster V in a ratio of transxis isom rs of within th rang of from about 14:1 to about 36:1. 

Wher ester V is formed by homologation of aid hyd III employing th magn sium salt of a monoalkyl- 
malonate (IVA), the magnesium salt IVA will b mployed in a molar ratio to aldehyd III of within the range of 
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from about 1:1 to about 2:1. 

The so-formed ester V is then hydrogenated preferably employing Pearlman's catalyst (Pd(OH) 2 /C) to form 
th carboxylic acid MA. Other catalysts, such as palladium on carbon may b employed in carrying ut the hy- 
drog nation st p. 

5 Alt rnatively, as seen in Scheme 2, the aldehyde III may be subj ct d to a Knoevenagel reaction mploying 

a molar ratio of malonic acidialdehyd III of within the range of from about 6:1 to about 3:1 , preferably from 
about 5:1 to about 4:1. The reaction is carried out at a temperature within the range of from about 60 to about 
100°C. The resulting acid VI is esterified with an alkanol, preferably methanol or ethanol, employing conven- 
tional techniques to form the ester V which may be hydrogenated as described above to form carboxylic acid 

10 IIA. 

The aldehyde III is prepared as shown in Scheme 3 wherein the amine VII is reacted with anhydride VIII 
employing a molar ratio of VlhVIII of within the range of from about 1:1 to about 1.5:1, preferably from about 
1.2:1 to about 1.0:1. The reaction, including oxalic acid or other acid and base and solvent, is carried out at a 
temperature within the range of from about 40 to about 100°C, preferably from about 60 to about 80°C. 
15 Where toluene is employed in place of base and oxalic acid, the reaction of VII and VIII is carried out at a 

temperature within the range of from about 80 to about 120°C, preferably from about 100 to about 115°C. 

The resulting imide IX is then subjected to an addition reaction, such as a Grignard reaction, to ultimately 
form aldehyde III of desired optical purity. 

In carrying out the Grignard reaction, the aryl Grignard reagent XA is prepared by treating a solution of 2- 
20 (2-halophenyl)-1 t 3-dioxolane (where halo is Br or I) in THF or other inert organic solvent such as dioxane or 
t-butylmethyl ether, with magnesium, preferably in the form of Mg turnings, employing a molar ratio of Mg:2- 
(2-bromophenyl)-1,3-dioxolane of within the range of from about 2:1 to about 1.0:1, preferably from about 1.1:1 
to about 1.5:1. 

If imide IX has R9=OH, then imide IX is first treated with an alkyl- or aryl- magnesium halide (e.g. CI", Br 
25 or I"), preferably ethyl magnesium chloride, employing a molar ratio of imide IX to ethylmagnesium halide within 
the range of from about 1:1 .1 to 1:1. The so-formed aryl Grignard reagent XA is then mixed with the reaction 
solution employing a molar ratio of imide IX to aryl Grignard reagent XA of within the range of from about 1 :4 
to about 1:1 , preferably from about 1 :1 .2 to about 1 :2.5. If imide IX has R 9 *OH then the so-formed aryl Grignard 
reagent XA is mixed with imide IX employing a molar ratio of imide IX to aryl Grignard reagent XA of within the 
30 range of from about 1:3 to about 1:1.1, preferably from about 1:1.4 to about 1:2. 

To achieve desired optical purity in the final aldehyde III, it is preferred that the Grignard reaction be carried 
out employing ethylmagnesium chloride in a molar ratio to imide IX of within the range of from about 0.9:1 to 
about 1.2:1, preferably from about 1.0:1 to about 1.1:1. The ethylmagnesium chloride will be employed in sol- 
ution, preferably in THF, at a concentration of within the range of from about 1 .0 M to about 2.5 M, preferably 
35 from about about 1.5 M to about 2.0 M. The reaction of X with imide IX will be carried out at a temperature 
within the range of from about -78°C to about 40°C, preferably from about -40 to about 20°C. 

The ratio of desired to undesired diastereomers obtained using the above conditions will range from about 
90:10 to >99:1. 

Ethylmagnesium bromide may be employed in place of ethylmagnesium chloride with a resulting decrease 
40 in ratio of desired to undesired diastereomers for imides IX where R 9 =OH. 

Where the addition reaction of imide IX having R9=OH to form intermediate XI is carried out employing the 
metallated aryl compound X where the metal is Li, imide IX is first treated with the alkyl lithium compound R a Li 
employing a molar ratio of R a Li:IX of within the range of from about 0.9:1 to about 1.2:1. The imide IX is then 
treated with the Li aryl compound XB employing a molar ratio of XB:IX of within the range of from about 1:1 
45 to about 1:3. 

The above reactions are carried out at a temperature within the range of from about -78°C to about 40°C. 

The alcohol XI resulting from the addition reaction, such as the Grignard reaction is then reduced employ- 
ing a molar ratio of reducing agent:XI of within the range of from about 0.5:1 to about 3:1 , preferably from about 
0.8:1 to about 2:1. 

so The resulting amide XII is made to undergo lactonization employing a molar ratio of toluene:XII of within 

the range of from about 20:1 to about 10:1, preferably from about 16:1 to about 12:1. The toluene-XII mixture 
is heated to a temperature of within the range of form about 60 to about 120°C, preferably from about 110 to 
about 1 1 5°C to form lactone XIIA. Lactone XI IA is treated with base:alcohol in a molar ratio of within the range 
of from about 0.1:1 to about 1.0:1, preferably from about 0.2:1 to about 0.4:1. The mixture is extracted with 

55 ethyl acetate and the aqueous layer is acidifi d with strong acid to achieve a pH of within the range of from 
about 1 to about 2. 

Th thyl ac tat wash may b tr ated with an acid such as oxalic acid and us d to r crystalliz starting 
material VII such as (S)-ph nyl-glycinol (C0 2 H) 2 . 
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The starting amine compounds VII wherein R 9 is other than OH are known in the art or may be prepared 
by conventional procedures. 

Wher in the starting amin compound VII, R 9 is OH, such compound may b prepared by reduction of an 
amino acid of the structure 

5 

H 

H 3 H C — R 7 



employing a mixture of sodium borohydride and sulfuric acid, or preferably NaBH 4 and BF 3 etherate (BF 3 - 
0(^2^)2), in the presence of an inert organic solvent, such as THF or dimethoxyethane at a temperature of 
within the range of from about 60 to about 100°C. 

15 The imide IX may also be prepared as shown in Reaction Schemes 6A, 6B and 6C. 

In Reaction Scheme 6A, imide IX is prepared starting with maleic anhydride which is reacted with furan, 
under an inert atmosphere such as argon, employing a molar ratio of f uran:maleic anhydride of within the range 
of from about 4:1 to about 20:1, preferably from about 5:1 to about 7:1, to form anhydride Vila. 

Anhydride Vila is mixed with inert organic solvent such as n-butyl acetate, t-butyl acetate or xylene, under 

20 an inert atmosphere such as argon, and the resulting mixture is chilled and then reacted with a mixture of amine 
base such as triethylamine, diisopropylethylamine, or tributylamine, and amine VII, which includes at least one 
chiral center (which is attached directly to the nitrogen of the amine), employing a molar ratio of anhydride 
Vlla:amine VII of within the range of from about 0.9:1 to about 1:1, preferably about 1:1, to form amine XX (as 
a mixture of diastereomers). Amine XX is then reduced by reaction with hydrogen in the presence of a catalyst 

25 such as Pd-C, Pd-BaS0 4 or Pt-C to form amine XXII. The reaction mixture is filtered to remove catalyst and 
heated at a temperature within the range of from about 1 50 to about 1 70°C, preferably from about 1 55 to about 
160°C, to remove amine base and water to form imide IX. 

In a preferred embodiment, in amine VII, R 7 is phenyl, and R 8 and R 9 are each hydrogen. 

In Reaction Scheme 6B, imide IX is prepared by a Dieis-Alder reaction of maleimide XXIII (which includes 

30 at least one chiral center) with furan employing a molar ratio of furan:XXIII of within the range of from about 
2.5:1 to about 10:1, preferably from about 3:1 to about 4:1 , in the presence of a Lewis acid, such as AICI 3 , AIBr 3 , 
FeBr 3 , TiCI 4? or SnCI 4 , and inert organic solvent such as methylene chloride, dichloroethane or toluene, under 
an inert atmosphere such as argon, to form the exo adduct XXV. Exo adduct XXV is reduced by reaction with 
hydrogen in the presence of a catalyst such as Pd/C, Pd-BaS0 4 , or Pt-C, in the presence of inert organic sol- 

35 vent, such as ethyl acetate, toluene or tetrahydrofuran, to form imide IX. 

As shown in Reaction Scheme 6B, endo compound XXVA is formed together with exo compound XXV. 
During the reaction endo compound XXVA undergoes a selective retro Diels-Alder reaction to form starting 
materials furan and imide XXIII which are further recycled to produce the thermodynamic exo product XXV. 
The maleimide XXIII is prepared by reaction of maleic anhydride and amine VII (which includes at least 

40 one chiral center directly attached to the nitrogen of the amine) in the presence of an amine base such as trie- 
thyl amine or diisopropylethyl amine, acetic anhydride or other cyclizing agent such as propionic anhydride, 
and an inert organic solvent such as THF, ethylene glycol, dimethyl ether or toluene, at a temperature of within 
the range of from about 70 to about 120°C, preferably from about 80 to about 90°C, employing a molar ratio 
of maleic anhydride:amine VII of within the range of from about 0.9:1 to about 1.1:1, preferably about 1:1. 

45 Maleimide XXIII may also be prepared from acid VIIB 
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by treating VIIB with an amin base such as diisopropylamine, triethylamine or tributylamine in the pres nee 
of a siiylating agent such as hexamethyldisilazan (HMDS), chtorotrimethylsilane (TMSCI), bissilylacetamide 
(BSA) or bissilylurea (BSU) and acetonitrile, n-butyl acetate or toluene, to form maleimide XXIII. 

In carrying out th above r actions to form mal imide XXIII, th amin bas will be employ d in a molar 
5 ratio to VIIB of within th rang of from about 1.2:1 to about 1.1:1, preferably about 1:1, while the siiylating 
ag ntwillb employ d in a molar ratio to VIIB of within the range of from about 2:1 to about 1:1. Th sereactions 
are carried out at a temperature within the range of from about 60 to about 110°C. 

The acid VIIB is prepared by reacting amine VII with maleic anhydride 

10 



15 




o 



in the presence of acetonitrile, tetrahydrofuran (THF) or ethylacetate employing a molar ratio of maleic an- 
20 hydride to VII of within the range of from about 0.9:1 to about 1.05:1, preferably about 1:1. 

In Reaction Scheme 6C, imide XXXI is prepared in the latter part of Scheme 6C as follows: compound 
XXIX is reacted with hydrogen in the presence of a transition metal catalyst such as Pd/C, Pd-BaS0 4 or Pt-C, 
to form XXX, followed by deacetylation with alkali metal carbonate, such as K 2 C0 3 , Li 2 C0 3 or Na 2 C0 3 , prefer- 
ably K 2 C0 3 , to form XXXI. 

25 Imide XXXI may then be employed to prepare compounds of formulae IA, IB and IC following Reaction 

Schemes 3, 1 and 4. 

The compound XXIX is prepared as shown in the early part of Reaction Scheme 6C, wherein amine alcohol 
VIIA (which includes at least one chiral center and R 7 is preferably phenyl) is reacted with a siiylating agent 
(employing a molar ratio of siiylating agent:VIIA of within the range of from about 2.5:1 to about 5:1) such as 

30 bistrimethylsilyl urea (BSU), TMSCI/Et 3 N, HMDS or bissilylacetamide (BSA), preferably BSU and an inert or- 
ganic solvent such as tetrahydrofuran, glyme, EtOAc, CH 3 CN or toluene, at a temperature within the range of 
from about 50 to about 70°C. The maleic anhydride (employing a molar ratio of anhydride:VIIA of within the 
range of from about 0.75:1 to about 3:1) is added and the mixture is heated to a temperature of within the range 
of from about 50 to about 70°C, to form silylated compound XXVII. XXVII is cyclized by treating with water and 

35 a catalyst for desilylation, such as n-tetrabutyl ammonium fluoride (TBAF), potassium fluoride or cesium flu- 
oride, in the presence of a cyclizing agent such as acetic anhydride or propionic anhydride, and an amine base 
such as triethylamine, diisopropylethylamine or tributylamine, to form compound XXVIII. Compound XXVIII is 
reacted with f una n (employing a molar ratio off uran:XXVII I of within the range of from about 30:1 to about 15:1) 
in the presence of inert organic solvent such as dichloromethane, dichloroethane or toluene to form predom- 

40 inantly the exo compound XXIX and endo compound XXIXA in minor amount. As shown, endo compound 
XXIXA in the presence of Lewis acid, such as any of the Lewis acids described above in Reaction Scheme 6B, 
forms exo compound XXIX. 

The desilylating agent, such as TBAF, will be employed in a molar ratio to silylated compound XXVII of 
within the range of from about 0.05:1 to about 0.3:1, preferably from about 0.1:1 to about 0.2:1, while thecy- 

45 clizing agent, such as the acid anhydride will be employed in a molar ratio to silylated compound XXVII of within 
the range of from about 5:1 to about 20:1, preferably from about 7:1 to about 10:1, and the base will be em- 
ployed in a molar ratio to silylated compound XXVII of within the range of from about 5:1 to about 15:1 , pre- 
ferably from about 7:1 to about 10:1. 

In a preferred embodiment in amine VIIA, R 7 is phenyl, and R 8 is hydrogen. 

so Alternatively, compound XXVIII may be prepared by treating amine alcohol VIIAwith maleic anhydride (em- 

ploying a molar ratio of alcohokVIIA of within the range of from about 1.2:1 to about 1:1:1) in the presence of 
an inert organic solvent such as THF, toluene, monoglyme or ethylacetate, under an inert atmosphere such 
as argon at a temperature within the range of from about 20 to about 50°C, to form amide acid VIIC. 

55 
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The amide acid VIIC is cyclized by treatment with a cyclizing agent such as acetic anhydride or propionic 
10 anhydride (employing a molar ratio of anhydride:VIIC of within the range of from about 7:1 to about 5:1) and 
amine base such as triethylamine or diisopropylethylamine, in the presence of an inert organic solvent such 
asTHF, toluene, monoglyme or ethyl acetate, at a temperature within the range of from about 70 to about 110°C, 
to form compound XXVIII. 

The halide compound 

15 



20 




25 

(for example, 2-(2-bromophenyl)-1,3-dioxolane) employed to prepare Grignard reagent XA used in Scheme 3 
is prepared by reaction of the aldehyde 



CHO 



30 




Ha lido 



with ethylene glycol and p-toluenesulfonic acid in the presence of an aromatic solvent such as toluene, benzene 
or xylene, under an inert atmosphere such as nitrogen, at a temperature within the range of from about 80 to 
about 150°C, preferably at reflux. 

In carrying out the preparation of the thromboxane receptor antagonist products IB and IC, as shown in 
40 Scheme 4, amide XIII is employed in a molar ratio to acid HA of within the range of from about 1.5:1 to about 
1:1, preferably from about 1.1:1 to about 1:1, to form amide XIV. Amide XIV is mesylated employing a molar 
ratio of methanesulfonyl chloride:XIV of within the range of from about 2:1 to about 1:1, preferably from about 
1 .3:1 to about 1:1 and a temperature within the range of from about -20 to about 60°C, preferably from about 
0 to about 25°C. 

45 The resulting mesylate XV is cyclized employing a molar ratio of triethylamine or other organic base:XV 

of within the range of from about 4:1 to about 2:1, preferably from about 3.5:1 to about 2.5:1, to form oxazoline 
XVI. Other organic bases which may be employed include diisopropylethylamine, pyridine or 2,6-lutidine. 

The cupric bromide oxidation of oxazoline XVI is carried out at a temperature of within the range of from 
about 20°C to about 70°C, employing a molar ratio of cupric bromide to oxazoline XVI of within the range of 
50 from about 2:1 to about 6:1 and a molar ratio of cupric bromide to DBU of within the range of from about 1:1 
to about 1 :3 in an inert solvent, preferably methylene chloride or acetonitrile. The oxidation is preferably carried 
out in the presence of a base such as hexamethylenetetramine which is disclosed in U.S. Patent No. 5,281 ,716, 
which is incorporated herein by reference. 

Th so-formed oxazole ester lAmay then be hydrolyzed employing conv ntional techniques such as treat- 
55 ment with an aqueous solution of an alkali metal base and then aqueous acid to form the corresponding acid 
IB which may be treat d with sodium meth xide, sodium 2-ethylh xanoat or sodium ethoxide to form salt IC 
in the presence of aceton /m thanol. 

The term "lower alky!" or "alky!" as employ dh r in includes both straight and branch d chain radicals of 
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up to 18 carbons, pref rably 1 to 8 carbons, such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, isobutyl, 
pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylp ntyl, nonyl, decyl, undecyl, dodecyl, 
th various branched chain isom rsth r of, and the It k as w II as such groups including 1, 2 or 3 substituents 
such as halo, alkenyl, alkynyl, aryl, alkyl-aryl, haloaryl, cycloalkyl, or alkylcycloalkyl. 
5 Th term "cycloalkyl" includ ssaturat d cyclic hydrocarbon groups containing 3 to 12 carbons, preferably 

3 to 8 carbons, which include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclo- 
decyl and cyclododecyl, any of which groups may be substituted with substituents such as halogen, lower alkyl, 
and/or alkoxy groups. 

The term "aryl" or "Ar" as employed herein refers to monocyclic or bicyclic aromatic groups containing from 
10 6 to 10 carbons in the ring portion, such as phenyl or naphthyl. Aryl (or Ar), phenyl or naphthyl may include 
substituted aryl, substituted phenyl or substituted naphthyl, which may include 1 or 2 substituents on either 
the phenyl or naphthyl such as lower alkyl, trifluoromethyl, halogen (CI, Br, I or F), alkylsulfonyl, and/or aryl- 
sulfonyl. 

The term "aralkyl", "aryl-alkyl" or "aryl-lower alkyl" as used herein refers to lower alkyl groups as discussed 
15 above having an aryl substituent, such as benzyl. 

The term "lower alkoxy", "alkoxy" or "aralkoxy" includes any of the above lower alkyl , alkyl or aralkyl groups 
linked to an oxygen atom. 

The term "halogen" or "halo" as used herein refers to CI, Br, F or I, with CI preferred. 
The final compounds IB and IC prepared by the method of this invention are thromboxane receptor an- 
20 tagonists and as such are useful as inhibitors of thromboxane receptor mediated actions. The term "throm- 
boxane receptor antagonist" includes compounds which are so-called thromboxane A 2 receptor antagonists, 
thromboxane A 2 antagonists, thromboxane A 2 /prostaglandin endoperoxide antagonists, TP-receptor antagon- 
ists, or thromboxane antagonists. 

The compounds prepared by the method of the invention are also thromboxane synthetase inhibitors and 
25 thus are useful as inhibitors of thromboxane production. 

Examples of various utilities of the compounds prepared by the method of the invention are set out in U.S. 
Patent No. 5,100,889. 

The following Examples represent preferred embodiments of the present invention. Unless otherwise in- 
dicated, all temperatures are expressed in degrees Centigrade. 

30 

Example 1 

[2S-(2a,3aa,4p,7p,7aa)]-2-(Octahydro-3-oxo-4,7-epoxy- isobenzofuran-1-yl)benzaldehyde 

A. (S)-p-Aminobenzeneethanol 
A one-liter three-necked flask equipped with a mechanical stirrer, reflux condenser and an addition 

funnel was charged with sodium borohydride (18.7 g, 0.495 mole), (S)-(+)-2-phenylglycine (Aldrich) (30 
g, 0.198 mole) and THF (200 mL). The slurry was stirred vigorously at room temperature under argon. The 
addition funnel was charged with boron trifluoride etherate (54 mL, 0.439 mole), which was then added 
dropwise to the slurry over 35 minutes. The reaction began to reflux during the addition with no external 
heating. After the addition was complete, the reaction was heated to reflux for 20 hours. 

The reaction was cooled to room temperature. Methanol (60 mL) was added dropwise through the 
dropping funnel over 45 minutes. The reaction bubbled vigorously and began to reflux with no external 
heating. Sodium hydroxide (5 N, 200 mL) was added. At this point the slurry dissolved to give a cloudy 
white solution. The reflux condenser was replaced with a distillation head and the solvents which boiled 
at less than 100°C were removed by distillation (-260 mL) and discarded. The distillation head was re- 
placed with a reflux condenser and the reaction was heated to reflux for three hours, then allowed to cool 
to room temperature. 

The mixture was extracted with ethyl acetate (1 x 150 mL, then 2 x 100 mL). The combined organic 
layers were washed with aqueous saturated NaCI (1 x 100 mL), dried over magnesium sulfate, filtered 
and concentrated on a rotary evaporator (bath temp. 30°C and vacuum of -5 mm. Hg) to provide 26.8 g 
(99%) of crude title compound as an off white solid. 

The above crude title compound was dissolved in boiling ethyl acetate (150 mL). Hexane (150 mL) 
was added with heating and stirring. The solution was allowed to cool with stirring. After 18 hours at room 
temperatur , the crystals were filtered, washed with 1:1 ethyl acetate:hexane (3 x 30 mL), hexan (3 x 30 
mL) and dried to provide 14.6 g (54%) of title compound as a white solid, mp 75-77°C. A second crop (7.79 
g, 29%) and a third crop (1 .34 g, 5%) provided additional titl compound. The total yield of title compound 
was 23.7 g (88%). 

B. [2(S),3aa,4p,7ap i 7ag]-Hexahydro-2-(2-hydroxy-1 -phenyl thyl)-4,7- poxy-2H-isoindol -1,3-dione 
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Into a 2.0 L 3-necked flask was charged (3aa,4p,7p,7aa)-hexahydro-4,7-epoxyisobenzofuran-1,3-di- 
one (Lancaster) (34.1 g, 0.203 mol) f Part A(S)-p-aminobenz neethanol (27.8 g, 0.203 mol) and oxalic acid 
(18.3 g, 0.203 mol). Th abov mixtur was suspended in THF (500 ml). To the abov susp nsion was 
added triethylamin (Et 3 N) (56 ml) and the r suiting mixture was heated to reflux for 8.0 h. The reaction 
mixture was cool d to room t mp ratur and pour d into sat. NaHC0 3 (300 ml). The resulting mixtur was 
extracted with ethyl acetate (2 X 300 ml). The organic extracts were combined, dried over MgS0 4 and con- 
centrated in vacuo on the rotovap at a bath temp, of 35°C under -1 .5 mm Hg. The residue was dissolved 
in ethyl acetate (100 ml) at 60 °C and hexanes (50 ml) were added. The resulting solution was allowed to 
cool to room temperature and put into a cold room for 14 h. The white solid was filtered using a medium 
porosity fritted glass filter and dried in a vacuum oven (-80mm Hg) for 24 h to give title compound (48.7 
g, 84%). 

C. 2-(2-Bromophenyl)-1 ,3-dioxolane 

A 12L 3-necked flask fitted with an overhead stirrer was charged with 2-bromobenzaldehyde (800g, 
4.324 moles), ethylene glycol (402.6g, 6.485 moles), p-toluenesulfonic acid-H 2 0 (3.95g, 0.021 moles) and 
toluene (3.785kg, 41 .074 moles). 

One side of the flask was stoppered (glass) and a Dean-Stark separator/condenser/N 2 port was at- 
tached to the other side. 

The heterogeneous yellow reaction mixture was stirred under a nitrogen atmosphere and heated to 
reflux for about 45 minutes. 

Water was collected via the Dean-Stark separator and the residue was cooled to room temperature 
and washed with 1 .2L of saturated aqueous NaHC0 3 followed by 1 .2L of saturated aqueous NaCI. 

The combined organic layers were dried over anhydrous MgS0 4 , filtered, concentrated on a rotary 
evaporator and dried under high vacuum to provide title compound in the form of an oil. The so-formed 
oil was vacuum distilled to provide 52g and 876. 2g of title compound (88.9% yield). 

D. [2S-(2a,3aa,4p,7p,7aa)]-2-(Octahydro-3 oxo-4,7-epoxyisobenzofuran-1-yl)benzaldehyde 

Into an oven-dried, argon purged 500 ml flask, Part C 2-(2-bromophenyl)-1 ,3-dioxolane (71 .5 g, 0.31 3 
mol) was dissolved in THF (240 ml). Magnesium turnings (1 1.4 g, 0.467 mol) were charged into a separate 
oven-dried, argon-purged 500 ml 3-necked flask equipped with a condenser. To this flask was added a 
portion (10.0 ml) of the above solution at room temperature. The reaction initiated by itself after stirring 
for 5 min. The rest of the solution was added into the flask at such a rate to maintain a gentle reflux. After 
all of the solution had been added, the reaction mixture was stirred for an additional 2.0 h at room tem- 
perature to give the aryl Grignard reagent bromo[2-(1,3-dioxolan-2-yl)phenyl]magnesium. 
The Part B imide (50.0 g, which included 2g from a previous batch, 0.174 mol) was added to an oven-dried, 
argon purged 3.0 L 3-necked flask equipped with an addition funnel, dissolved in THF (790 ml), and cooled to 
-15 °C in an ice-methanol bath. To this solution was added C 2 H 5 MgCI (87.0 ml of a 2.0 M solution in THF) drop- 
wise over a period of 0.5 hour via the addition funnel. After the addition was complete, the reaction was stirred 
for 0.5 hour at -15 °C. The ice-methanol bath was removed and replaced with an ice-water bath. The reaction 
mixture was stirred for an additional 0.5 hour at 0°C. To this mixture was added dropwise over a period of 1.0 
hour the above aryl Grignard solution (280 ml of a 1 .1 2 M solution in THF, 0.313 mol). After the addition was 
complete, the reaction was stirred at 0 °C for 3.0 h. The ice-water bath was removed and the reaction was 
stirred for an additional 4.5 h. The reaction mixture was cooled to 0°C with an ice-water bath and quenched 
by adding ethanol (1.0 L). 

To the resulting mixture was added solid NaBH 4 (15.0 g, 0.397 mol) in 6 equal portions over 0.5 hour. The 
ice-water bath was allowed to melt and the reaction mixture was allowed to warm to room temperature and 
stirred for 14 h. The reaction mixture was poured into 10% Na 2 C0 3 (1.5 L) and the mixture was extracted with 
ethyl acetate (3 X 1.5 L). The organic extracts were combined, washed with brine (1.5 L), dried over MgS0 4 , 
filtered and concentrated in vacuo on the rotary evaporator as described above to obtain the crude [1R- 
[1a,2a(S*),3aa,4a]-3-[[2-(1,3-dioxolan-2-yl)phenyl]hydroxymethyl]-N-(2-hydroxy-1-phenylethyl)-7-oxabicyc 
lo[2.2.1]heptane-2- carboxamide (104.0 g, 110%) which was used in the next step without any additional pur- 
ification. 

The above crude alcohol (104.0 g) was dissolved in toluene (250 ml) and heated to reflux for 3.0 h. The 
resulting solution was cooled to room temperature and then 1 N NaOH (750 ml) and ethanol (150 ml) were 
added. The mixture was vigorously stirred for 4.0 h at room temperature and then was extracted with ethyl 
acetate (750 ml). Th aqueous layer was mixed with THF (125 ml). To this mixture was added 10% HCI (350 
ml) at room temperatur . The resulting mixture was then stirred at room temperature for 14 h during which 
time a white precipitate formed. The reaction was cool d to 0 °C for 1 .0 hour. The white pr cipitate was filtered 
off using a m dium porosity fritted glass filter and washed with water (100 ml). The solid was dried under high 
vacuum to give th title compound as a white solid (32.0 g, 71%) with 99.9% ee as det rmin d by chiral HPLC. 
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Exampl 2 

Alternative Preparation of [2S-(2a,3aa,4p,7p,7aa)]-2-(Octahydro-3-oxo-4,7-epoxyisob nzofuran-1-yl)-b n- 
zaldehyde 

5 A. [2(S),3aa,4p,7p,7aa]-H xahydro-2-[1-(hydroxymethyl)-2-methylpropyl]-4 t 7-epoxy-2H-isoindole-1,3- 

dione 

A3L 3-necked Morton flask, fitted with a condenserand a mechanical stirrer, was purged with a steady 
stream of argon for 1 hour. The flask was then charged with S-(+)-2-amino-3-methyl-1-butanol (50.0g, 
485mmole) and THF (1000 mL). The resulting mixture was stirred for 5 minutes until a homogeneous sol- 

10 ution was obtained. Oxalic acid (43.1g, 479mmole) was added in one portion. Within 5 minutes a thick, 

white precipitate formed. An additional portion of THF (500mL) was added to the flask. (3aa,4p,7p,7aa)- 
Hexahydro-4,7-epoxyisobenzofuran-1,3-dione (anhydride) (77.0g, 458mmole) was added in one portion, 
followed by triethylamine (129 mL, 926mmole). The mixture was heated to reflux for 1 8 hours, then allowed 
to cool to room temperature. The resulting slurry was filtered, and the filtrate concentrated on a rotary 

15 evaporator to a volume of -1L The solution was poured into saturated aqueous NaHC0 3 (1L) and ex- 

tracted with CH 2 CI 2 (1x1000 mL, then 2x500 mL). The combined organic layers were dried over anhydrous 
MgS0 4 , filtered, concentrated on a rotary evaporator, and dried under high vacuum to provide 94.8g of 
crude title imide. 

The above crude imide (94.8g) was dissolved in hot ethyl acetate (250mL) and diluted with hexane 
20 (570mL) at reflux. The mixture was allowed to cool to room temperature. The resulting crystals were col- 

lected by suction filtration, washed with 2.4:1 hexane/ethyl acetate (2x100mL) and hexane (2x100mL). 
The material was transferred to a vacuum oven and dried for 2 days under house vacuum ("-80mm Hg) 
at ambient temperature to provide 78.6g (68%) of title imide. The mother liquor was concentrated on a 
rotary evaporator. A second crop of 9.7g (8%) was obtained from ethyl acetate (40mL) and hexane 
25 (120mL). The total yield of title alcohol was 88.3g (76%). 

B. [2S-(2a,3aa,4p,7p,7aa)]-2-(Octahydro-3-oxo-4,7-epoxyisobenzofuran-1-yl)benzaldehyde 

In a flame-dried, argon purged 250mL 3-necked flask, fitted with a condenser and a dropping funnel, 
was placed magnesium shot (2.25g, 92.6mmole) and freshly distilled THF (80mL). The THF suspension 
was heated to reflux and a small crystal of iodine was added to the flask. 2-(2-Bromophenyl)-1 ,3-dioxolane 
30 (18.45g, 80.5mmole) was added at such a rate as to maintain vigorous refluxing. Once the addition was 

complete (-20 minutes), reflux was maintained with the aid of a heating mantle for an additional 25 min- 
utes. The mixture was then allowed to cool to room temperature. 

In aflame dried 500mL flask was added Part A compound (1 0.OOg, 40.3mmole) and THF (60mL). The mix- 
ture was cooled in a -20°C bath and ethylmagnesium chloride (21 .2mL of a 1.90M solution in THF, 40.3mmol) 

35 was added dropwise to the solution at such a rate so that the internal temperature did not exceed -10°C. The 
mixture was then immediately cooled in a -78°C bath and the Grignard solution of 2-(2-bromophenyl)-1,3-di- 
oxolane (62.7mL) was added via syringe at such a rate that the internal temperature did not exceed -65°C. 
The dry ice was removed from the -78°C bath and the mixture was allowed to slowly warm to room temperature 
with stirring over 5 hours. After stirring at room temperature for 1 5 minutes, TLC indicated that no starting ma- 

40 terial remained; a new material predominated. The mixture was quenched with absolute ethanol (145mL) and 
sodium borohydride (3.05g, 80.5mmole) was added in one portion. The mixture was stirred at room tempera- 
ture for 1 hour. TLC indicated the reduction to be complete. The mixture was carefully poured into aqueous 
saturated Na 2 C0 3 (500mL) and extracted with CH 2 CI 2 (2x500mL). The combined organic layers were dried 
over MgS0 4 , filtered, concentrated on a rotary evaporator, and dried under high vacuum at room temperature 

45 to provide 18. 1g (112%) of crude [1R-[1a,2a(S*),3aa,4a]-3-[[2-(1,3-dioxolan-2-yl)phenyl]hydroxymethyl]-N-[1- 
(hydroxymethyi)-2-methylpropyl]-7-oxabicyclo[2.2.1]heptane-2-carboxamide which was used in the next step 
without any additional purification. 

The above crude alcohol (18. 1g) was dissolved in toluene (80mL) and heated to reflux for 1 .5 hours. TLC 
indicated the formation of a new material. The mixture was cooled to room temperature with an ice-bath and 

50 diluted with ethanol (20mL) and 1 .0M NaOH (80mL). The mixture was stirred at room temperature for 4.5 hours. 
The layers were separated and the aqueous layer was washed with CH 2 CI 2 (2x100mL). The aqueous layer 
was diluted with isopropyl alcohol (20mL) and then adjusted to pH 1.05 with 1.0M HCI (120mL). The mixture 
was stirred at room temp rature for 18 hours, then diluted with THF (180mL, add d in 60mL increments over 
7 hours) until the mixture was homogeneous. The solution was stirred at room temperature overnight, and con- 

55 centrated on a rotary evaporator to r move volatile organics (160mL). A white solid formed during concentra- 
tion. The material was filtered and washed with water (3x100mL). Th cake was dried in vacuo to provid 6.9g 
(66.7% yield) of th title aldehyde. Chiral HPLC analysis r v al d th material to be a 96:4 mixture of nan- 
tiom rs. 
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Example 3 

[1S-(1a,2a,3a,4a)]-2-[[2-(3-M thoxy-3-oxopr pyl)-phenyl]methyl]-7-oxabicydo[2.2.1]heptane-3-carboxylic 
acid (via Scheme 1) 

5 A. [1S-[1a(E),3aa,4pjp7aa]]-3-[2-(Octahydro-3-oxo-4,7-epoxyisobenzofuran-1-yl)phenyl]-2-propenoic 

acid, methyl ester 

In a 250mL flask was placed Example 1 aldehyde (obtained from two different batches) (9.44g, 
36.54mmole), lithium chloride (1.7g, 40.19mmole) and acetonitrile (145mL). The solution was stirred mag- 
netically under an argon atmosphere. Trimethylphosphonoacetate (7.32g, 40.1 9mmole) was added via syr- 

10 inge followed by 1,8-diazabicyclo-[5.4.0]undec-7-ene (DBU) (6.01mL, 40.19mmole) . The solution became 

cloudy and the temperature of the reaction rose to 42°C. After 75 minutes, TLC indicated the reaction to 
be complete. The mixture was poured into aqueous saturated sodium bicarbonate (500mL) and extracted 
with methylene chloride (2x500mL). The combined organic layers were dried over anhydrous magnesium 
sulfate, filtered, concentrated on a rotary evaporator (bath temp. 35°C, -80mm Hg) and dried under high 

15 vacuum (-0.5mm Hg) at room temperature to provide 11.36g (98.9% yield) of the crude title compound 

as a yellow, crystalline solid. 
B. [1S-(1a,2a,3a,4a)l-2-rc2-(3-Meth^ 
boxylic acid 

The Part A crude vinyl ester (11 .36g) was placed in a 250mL flask and dissolved in THF (35mL) and 
20 methanol (70mL). To the magnetically stirred solution was added Pearlman's catalyst (Aldrich) 

(Pd(OH>2/C) (1.14g). The flask was evacuated, then connected to a balloon filled with hydrogen. The re- 
action mixture was stirred at room temperature for 2 hours, and then a second portion of Pearlman's cat- 
alyst (1 .14g) was added. The flask was re-evacuated and reconnected to the balloon filled with hydrogen. 
The mixture was stirred at room temperature for an additional 2 hours. TLC indicated complete conversion 
25 to the title compound. The balloon was removed and Celite (2.0g) was added to the mixture and stirred 

for 10 minutes. The mixture was filtered through a pad of Celite (45x25mm). The pad was washed with 
methanol (50mL). The filtrate was concentrated on a rotary evaporator as described above to provide a 
yellow oil. The oil was dissolved in methylene chloride (100ml_) and dried over anhydrous magnesium sul- 
fate. The solution was filtered, concentrated on a rotary evaporator as described above, and dried under 
30 high vacuum (-0.5mm Hg) to provide 11 .81g (101.6% yield) of the crude title compound. 

The above crude title compound (11.81g) was dissolved in hot ethyl acetate (23mL) and diluted with hot 
heptane (46mL). The mixture was allowed to cool while being stirred magnetically. The mixture was seeded 
at a temperature of 58°C with crystals of the title compound. Upon cooling to room temperature, a significant 
quantity of the title compound had crystallized from the solution. An additional portion of heptane (65mL) was 
35 added and the mixture was stirred for 5 minutes. The mixture was allowed to stand at room temperature over- 
night. The resulting solid was collected by suction filtration, washed with heptane (50ml_), then dried under 
high vacuum at room temperature to provide 7.32g (62.9% yield) of the title compound containing small traces 
of yellow material. 

The solid and the mother liquor were recombined and dissolved in ethyl acetate (120mL) and treated with 
40 Darco KB activated carbon (1 .2g). The mixture was heated to reflux for 2 minutes, then allowed to cool to room 
temperature. Celite (2.4g) was added, and the mixture was stirred for 10 minutes, then filtered through a pad 
of Celite (45x25mm). The pad was washed with ethyl acetate (50mL). The filtrates were concentrated on a 
rotary evaporator as described above to provide a pale yellowoil. The oil was dissolved in ethyl acetate (23mL), 
heated to reflux and diluted with heptane (46mL). The mixture was then allowed to cool to room temperature 
45 with stirring. The mixture was seeded with crystals of the title compound. After stirring at room temperature 
for -15 minutes, additional heptane (65mL) was added. The flask was placed in a cold room (-4°C) overnight. 
The resulting crystals were collected by suction filtration, washed with heptane (50mL) and dried under high 
vacuum (-0.5mm Hg) at room temperature to provide 9.97g (85.7% yield) of the title compound. 

50 Example 4 

[1S-(1a,2a,3a,4a)]-2-[[-(3-Methoxy-3-oxopropyl)-ph 
acid (via Scheme 2) 

A. [1S-[1a(E),3aa,4p,7p,7aa]]-3-[2-(Octahydro>3-oxo-4,7-epoxyisobenzofuran-1-yl)ph nyl}-2-propenoic 
55 acid 

A dry, argon purged 250 mL one-necked flask was charged with Example 1 aldehyde (10 g, 38.8 
mmole),mal nic acid (18.1 g, 174 mmol )andpyridin (20 mL). The flask was equipped with a reflux con- 
denser and th mixture was heat d at 85°C in an oil bath. The solids dissolved after h ating for ten minutes. 
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Piperidine (0.380 mL) was added. The reaction was stirred at 85°C for 18 hours and cooled to room tem- 
perature. 10% HCI (200 mL) was added over 15 minutes. The solution becam thick with the formation of 
a precipitate. The slurry was stirr d at room temperature for thre hours. The solid was collected in a m - 
dium scinter d glass funn I and washed with water (3 x 30 mL). A cl an 500 mL r c iving flask was at- 
5 tachedtoth funnel. Ac tone (-240 mL) was added to dissolv th solid and was th n pulled through the 

funnel. The filtrate was concentrat d on a rotary evaporator to provide 10.8 g (93%) of the crude title acid 
as a white solid which was used in the next step without any additional purification. 

B. [1S-[1a(E) ) 3aa,4p t 7p ) 7aa]]-3-[2-(Octahydro-3-oxo-4,7-epoxyisobenzofuran-1-yl)phenyl]-2-pronenoic 
acid, methyl ester 

10 The above crude Part Aacid (10.7 g, 35.7 mmole) was mixed with methanol/sulfuric acid (80:1) (360 

mL) at room temperature under argon in a 500 mL 2-necked flask equipped with a reflux condenser. The 
mixture was heated to 50°C in an oil bath. As it warmed, the solids dissolved. After six hours, the solution 
was cooled to room temperature and concentrated on a rotary evaporator to a slurry (-50 mL). The slurry 
was diluted with ethyl acetate (100 mL). The solution was washed with aqueous saturated sodium bicar- 

15 bonate (3 x 25 mL) and aqueous saturated NaCI (1 x 25 mL). The organic layer was dried over magnesium 

sulfate, filtered and concentrated on a rotary evaporator to provide 10.6 g (95%) of the crude title ester 
as an off-white, hard solid which was used in the next step without any additional purification. 

C. [^-(la^a.Sa^a^^-tP^S-Methoxy-S-oxopropyQphenyllmethylj^-oxabicyclop^.ll-heptane-S-car- 
boxylic acid 

20 The above crude Part B ester (10.3 g, 32.8 mmole) was dissolved in a solution of THF (40 mL) and 

. methanol (80 mL) in a 250 mL one-necked flask equipped with a three-way valve. The valve was connected 
to a balloon of hydrogen and the house vacuum. The flask was evacuated and filled with hydrogen three 
times by turning the valve. 

Pearlman's catalyst (1 .03 g, 1 0% by weight) was added. The flask was again evacuated and filled with hydro- 

25 gen three times. The reaction was stirred at room temperature for two hours. 

Celite (1 5 g) was added to the flask and stirred for 10 minutes. The mixture was filtered through a pad of 
Celite and concentrated on a rotary evaporator. The residue had a grey color. It was dissolved in methylene 
chloride (50 mL), dried over magnesium sulfate and filtered through another pad of Celite. The filtrate was 
concentrated on a rotary evaporator. The product was again dissolved in methylene chloride (25 mL) and fil- 

30 tered through a thick pad of Celite to provide a clear, yellow solution. The solvent was removed on a rotary 
evaporator to provide 10.4 g (99%) of the crude title acid as a mixture of a white solid, a colorless oil and a 
dark yellow oil. 

The crude product was dissolved in boiling ethyl acetate (25m L). While boiling, heptane (50 mL) was added 
slowly to maintain reflux. The clear, pale yellow solution was then allowed to cool to room temperature with 

35 stirring. The mixture was seeded with crystals of the title acid when it reached 50°C, and again when it reached 
45°C. The mixture became cloudy and then thick with solids. After the mixture had reached room temperature 
(-28°C), additional heptane (70 mL) was added. Thef lask was placed in a cold room (~-4°C) over the weekend. 
The resulting crystals were collected by suction filtration, washed with heptane (3 x 50 mL) and dried under 
house vacuum at room temperature for 24 hours to provide 9.22 g (88%) of the title acid as a fluffy white solid. 

40 The overall yield from Example 1 aldehyde was 77.8%. 

Example 5 

N-Pentyl-L-Serinamide 

45 A. Carbobenzyloxy-L-serine 

L-Serine (20.00 g, 190.3 mmol) was dissolved in water, and aqueous sodium hydroxide was added to 
adjust the pH of the solution to about 8.5 while maintaining the temperature at about 25°C. Benzyl chlor- 
oform ate (36.0 g, 211 .0 mmol) was added while the pH was maintained between 8.3 and 8.5 by the addition 
of aqueous sodium hydroxide and the temperature was maintained at about 30°C. The mixture was stirred 

50 for about 2 hours. The reaction mixture was extracted with methylene chloride. The phases were separat- 

ed, and the pH of the aqueous phase was adjusted to about 7 with concentrated hydrochloric acid. The 
aqueous phase was heated to about 40°C under low vacuum to remove any residual methylene chloride. 
Water was added and the aqueous solution was heated to about 60°C. The pH was adjust d to about 2 
with concentrat d hydrochloric acid while maintaining the temperature at about 60°C. The solution was 

55 cooled to about 50°C while stirring and seed crystals were added. With stirring, cooling was continued to 

about 0°C to complete the crystallization. The product was collected and the cake was washed with cold 
(about 5°C) water. The product was dried under vacuum at about 40°C to afford carbob nzyloxy-L-s rine. 
B. N-Pentyl-L-serinamide, oxalat (1:1) salt 
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Under an inert atmosphere, 1 ,8-diazabicyclo-[5.4.0]undec-7-ene (5.10 g, 33.5 mmol) was added to a 
suspension of Part A carbobenzyloxy-L-serine (7.50 g, 31.4 mmol) in ethanol. Ethyl acetate was added 
and the mixture was agitat d (optionally, with h ating up to about 50°C) to obtain a clear solution. Pyridine 
(0.25 g, 3.2 mmol) was added and the mixture was cooled to about -30°C. Trimethylacetyl chlorid (4.12 

5 g, 34.2 mmol) was add dandth mixture was maintained at about -30°C. With cooling, n-amylamin (3.00 

g, 34.4 mmol) was added and the mixture was stirred at about -10°C for about 2 hours. Cooling was dis- 
continued and aqueous phosphoric acid was added. The mixture was warmed to about 1 0°C and the phas- 
es were separated. The organic solution was washed sequentially with aqueous phosphoric acid, aqueous 
potassium carbonate, and brine. Throughout these extractions, the aqueous phase was back extracted 

10 with ethyl acetate. The combined organic solution was distilled under vacuum at about 25°C while ethanol 

was added until all of the ethyl acetate was removed. Under an inert atmosphere, 10% palladium on carbon 
(50% water, 0.75 g) was added. The resulting mixture was purged with nitrogen and then stirred in the 
presence of hydrogen at about 25°C for about 6 hours. The catalyst was removed by filtration, and the 
clear filtrate was partially concentrated under vacuum at about 30°C. The concentrated f i Itrate was added 

15 to a solution of oxalic acid dihydrate (4.35 g, 34.5 mmol) in ethanol and water and a thick precipitate was 

formed. The suspension was heated to reflux to obtain a clear solution. Water was added at the reflux tem- 
perature until a slight turbidity was observed. The mixture was cooled to about 0°C and stirred until crys- 
tallization was complete (about 1 hour). The product was collected and the cake was washed with ethanol. 
The product was dried under vacuum at about 25°C to afford the title compound. 

20 

Example 6 

[1S-(1a,2a,3a,4g)]-2-[[3-[4[(Pen 
nepropanoic acid, monosodium salt 
25 A. [1S-[1a,2a,3a(R*),4a]^2-[[3-[I[1-(Hydroxymethyl)-2-oxo-2-(pentylamino)-ethyl]amino 

abicyclo[2.2.1]-hept-2-yl]methyl]benzenepropanoic acid, methyl ester 

Underan inert atmosphere, a catalytic amount of dimethylformamide (0.067 mL, 0.87 mmol) was add- 
ed to a solution of Example 3 carboxylic acid (6.66 g, 20.9 mmol) in toluene and the resulting mixture was 
cooled to about 0°C. While maintaining the temperature below 0°C, oxalyl chloride (2.96 g, 23.3 mmol) 
30 was added and the mixture was stirred at about 5°C for about 3 hours. The resulting acid chloride solution 

was partially concentrated under vacuum at about 40°C and then used in the coupling reaction described 
below. 

Meanwhile, Example 5 amide (6.17 g, 23.3 mmol) was added to a solution of sodium bicarbonate (9.63 
g, 11 5 mmol) in water while the temperature was maintained at about 20°C. Methyl ethyl ketone was added 

35 and the biphasic mixture was cooled to about 0°C. While maintaining the temperature at about 0°C, the 

previously prepared acid chloride solution was added with stirring. The mixture was stirred at about 5°C 
for about 20 hours and then heated to about 60°C and the phases were allowed to separate. The organic 
phase was washed at about 50°C sequentially with saturated sodium bicarbonate solution, aqueous phos- 
phoric acid, and brine. The organic solution was partially concentrated under vacuum at about 40°C to ob- 

40 tain a thick suspension. n-Heptane was added and the resulting mixture was cooled to about 20°C with 

stirring. The product was collected and the cake was washed with n-heptane. The product was dried under 
vacuum at about 35°C to afford the title ester. 

B. [1S-[1a,2a,3a(R*),4a]]-2-^ 
2-yl]methyl]benzenepropanoic acid, methyl ester 

45 Under an inert atmosphere, Part A ester (7.00 g, 14.7 mmol) was dissolved in dry dimethylformamide. 

The moisture content of the resulting solution must be <0.1% w/w; if it was higher, the solution was first 
dried by vacuum distillation of a portion of the solvent and dry dimethylformamide was added to restore 
the. original solution volume. Triethylamine (4.29 g, 42.4 mmol, plus approximately 1 mmol per mmol of 
water measured in the Part A ester solution) was added and the mixture was cooled to about 0°C. While 

so maintaining the temperature below 5°C, methanesulfonyl chloride (2.02 g, 17.6 mmol, plus approximately 

0.4 mmol per mmol of water measured in the Part A ester solution) was added. The reaction mixture was 
stirred at about 5°C for about 5 hours. The mixture was warmed to about 25°C and stirred for about 20 
hours. Cold (about 5°C) water was added while maintaining the pH at about 8.0 by the addition of aqu ous 
phosphoric acid. The resulting suspension was stirred at about 10°C for about 1 hour. The product was 

55 collected and th cake was washed with cold (about 5°C) water. Th product was dried under vacuum at 

about 25°C to afford the titl compound. 

C. [1S-(1a,2a,3,4a)>2-[(3~[4-[(Pentylam^ thyl]b n- 
zenepropanoic acid, methyl st r 
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Under an inert atmosphere, hexamethylenetetramine (5.89 g, 42.0 mmol) was added to a mixture of 
copper(ll) bromide (8.63 g, 38.6 mmol) and methylene chloride. Asolution of 1 ,8-diazabicyclo-[5.4.0]undec- 
7- n (6.38 g, 41.9 mmol) in m thylene chloride was add d with slight cooling to maintain the temp ratur 
at about 30°C. A solution of Part B ster (4.50 g, 9.86 mmol) in m thylene chlorid was add d, and the 

5 reaction mixture was stirr d at about 30°C for about 14 hours. Th mixtur was cool d to about 20°C and 

filter d,andthecak was wash d with methyl n chlorid . At this point, the filtrat mayb combined with 
the filtrate from another run. The filtrate was concentrated under vacuum at about 30°C, and ethyl acetate, 
water and aqueous ammonia were added to the resulting residue. The phases were separated, and the 
organic phase was washed with a mixture of water and aqueous ammonia. The resulting aqueous solution 

10 was back extracted with ethyl acetate. The combined organic phase was washed sequentially with aqu- 

eous phosphoric acid and brine. Brine was added to the organic phase and the pH was adjusted to about 
7 with saturated sodium bicarbonate. The organic solution was separated and partially concentrated under 
vacuum at about 40°C. Seed crystals of the title compound were added followed by n-heptane. The re- 
maining ethyl acetate was replaced with n-heptane by a vacuum-distillation exchange procedure at a tem- 

15 perature of 40°C or below. The product was collected and the cake was washed with n-heptane. The prod- 

uct was dried under vacuum at about 25°C to afford the title compound. 

D. [1S-(1a,2a,3a,4a)]-2-[[3-[4-[(Pentylamino)carbonyl]-2-oxazolyl]-7-oxabicyclo-[2.2.1]hept-2-yl]me- 
thyl]benzenepropanoic acid, monosodium salt 

Under an inert atmosphere, 1 N sodium hydroxide (3.6 mL, 3.6 mmol) was added to a cold (about 5°C) 
20 solution of Part C ester (0.600 g, 1 .32 mmol) in tetrahydrof uran. The reaction mixture was stirred at about 

25°C for about 4 hours. The reaction mixture was partially concentrated under vacuum at about 35°C. The 
concentrated solution was diluted with water and then washed with diethyl ether. The phases were sepa- 
rated and the pH of the aqueous solution was adjusted to about 7 with concentrated hydrochloric acid. 
Methylene chloride was added and acidification was continued with stirring to a pH of about 2. The phases 
25 were separated and the aqueous layer was extracted with methylene chloride. The resulting combined or- 

ganic extract was washed sequentially with water and brine. The organic solution was dried over anhydrous 
magnesium sulfate, filtered and concentrated under vacuum at about 25°C to a solid. The resulting solid 
was dissolved in hot (about 90°C) acetonitrile, and the solution was allowed to stand at room temperature 
without stirring for about 12 hours. The product was collected and the cake was washed with cold (about 
30 5°C) acetonitrile. The product was dried under vacuum at about 35°C to afford the title compound. 

Under an inert atmosphere, the title compound (461 g, 1.04 mol) was dissolved in acetone at about 50°C. 
The resulting solution was cooled to about 35°C and a solution of 25% w/w sodium methoxide in methanol 
(0.264 mL, 1.15 mol) was added. The resultant slurry was allowed to cool to about 25°C with stirring. The prod- 
uct was collected and the cake was washed with acetone. The product was dried under vacuum at about 35°C 
35 to afford the title compound. 

Example 7 

[2S-(2a I 3aa,4p t 7p,7aa)]-2-(Octahydro-3-oxo-4,7-epoxy-isobenzofuran-1-yl)benzaldehyde 

40 A. [2(S),3a,4p,7p,7a]-Octahydro-2-(2-phenylethyl)-4,7-epoxy-1 H-isoindole-1 ,3(2H)-dione 

An argon purged 500 mL one-necked flask was charged with (3aa,4p,7p,7aa)-hexahydro-4,7-epox- 
yiso- benzof uran-1,3-dione (10.0 g, 59.5 mmole) and toluene (225 mL). The slurry was difficult to stir with 
a magnetic stir bar. (S)-(-)-a-Methylbenzylamine (Aldrich) (8.1 mL, 62.8 mmole) was added. The flask was 
equipped with a reflux condenser and a Dean-Stark trap. The mixture was heated at reflux under argon 

45 for 3.5 hours and then was cooled to room temperature. The mixture was concentrated on a rotary evap- 

orator to provide 16.52 g (100%) of crude title imide as a white crumbly solid. 

The crude title imide was dissolved in boiling ethyl acetate (30 mL) to give a cloudy mixture. The sol- 
ution was filtered to give 86 mg of a white solid and a clear, pale yellow filtrate. The filtrate was concen- 
trated on a rotary evaporator to a white solid. It was dissolved in boiling ethyl acetate (22 mL). Hexane 

50 (56 mL) was added until the solution just became cloudy. The solution was cooled to room temperature 

without stirring and then was stored in the cold room (~-4°C) overnight. The crystals were filtered and wash- 
ed with hexane:ethyl acetate (2.5: 1,3x30 mL) and hexane (3 x 50 mL) and were dried under house vacuum 
at room temperatur to provide 1 3.44 g (83%) of a white solid. 

The crystals and mother liquor were recombined and dissolved in ethyl acetate (-200 mL) to give a 

55 cloudy white solution. The organ ic solution was washed with 1 N HCI (2 x 50 mL), saturated aqueous sodium 

bicarbonate ( 1 x 50 mL) and saturated sodium chloride (1 x 50 mL). The organic lay r was dried ov r mag- 
nesium sulfat , filtered and the solvent removed on a rotary evaporator to provide 14.541 g (90%) of crud 
title imid as an off-whit crumbly solid. 
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The solid was dissolved in boiling ethyl acetate (19 mL). With stirring and heating, hexane (100 ml_) 
was added until white crystals abruptly began falling out of the solution. The solution was cooled to room 
temp rature without stirring. The mixture was stored in the cold room (~-4°C) f r 18 hours. The resulting 
crystals were fi It red, washed with h xane (3 x 30 mL) and dried under hous vacuum at ro m temperature 
5 to provide 1 3.59 g (84%) of the title imide as shiny white crystals. A s cond crop (712 mg, 4%) provided 

additional title imide. The total yield of title imide was 14.302 g (88%). 

B. [1R-[1a,2ct(S*),3aa, 4a]-3-n2-(1,3-Dioxolan-2-yl)phenyl]hydroxymethyl]-N-(1-phenylethyl)-2-methyl- 
propyl]-7-oxabicyclo-[2.2.1]heptane-2-carboxamide 

In an oven-dried, argon purged 100 ml flask, 2-(2-bromophenyl)-1,3-dioxolane (16.8 g, 0.0737 mol) 

10 was dissolved in THF (30.0 ml). Magnesium turnings (2.1 g, 0.0875 mol) were charged into a separate 

oven-dried, argon-purged 100 ml 3-necked flask equipped with a condenser. To the magnesium turnings 
was added a portion (5.0 ml) of the above solution of 2-(2-bromophenyl)-1,3-dioxolane at room tempera- 
ture. The reaction initiated by itself after stirring for 5 min. The rest of the solution of 2-(2-bromophenyl)- 
1 ,3-dioxolane was added into the flask at such a rate which maintained a gentle reflux over a period of 40 

15 min. After all of the solution had been added, the reaction mixture was stirred for another 1 .0 hour at room 

temperature to give the aryl Grignard. 

The Part A imide (10.0 g, 0.0369 mol) was added to an oven-dried, argon purged 250 ml 3-necked 
flask equipped with an addition funnel and a mechanical stirrer. The imide was suspended in THF (14 ml), 
and cooled in an ice-water bath to 0°C. The Grignard solution of 2- (2- bromo phenyl )-1 ,3-dioxolane prepared 

20 above (38.0 ml of a 1.94 M solution in THF, 0.0737 mol) was added dropwise over a period of 40 min to 

this mixture. After the addition was complete, the reaction was stirred at 0°C for 1.0 h. The ice-water bath 
was removed and the reaction was stirred for an additional 3.0 h at room temperature. The reaction mixture 
was cooled to 0°C with an ice-water bath and quenched by adding ethanol (1 00 ml). To the resulting mixture 
was added solid NaBH 4 (3.3 g, 0.0873 mol) in 6 equal portions over 20 min. The ice-water bath was allowed 

25 to melt and the reaction mixture was allowed to warm to room temperature and stirred for 1 7 h. The reaction 

mixture was poured into 10% Na 2 C0 3 (400 ml) and the mixture was extracted with ethyl acetate (3 X 300 
ml). The organic extracts were combined, washed with brine (300 ml), dried over MgS0 4 , filtered and con- 
centrated in vacuo using a rotary evaporator to obtain the crude title alcohol (22.3 g, 106%) which was 
used in the next step without any additional purification. 

30 C. [2S-(2a,3aa,4p,7p,7aa)]-2-(Otahydro-3-oxo-4,7-epoxy-isobenzofuran-1-yl)benzaldehyde 

The Part B crude alcohol (22.3 g) was dissolved in toluene (50 ml) and heated to reflux for 3.0 h. The 
resulting solution was cooled to room temperature and then 1 N NaOH (150 ml) and ethanol (38 ml) were 
added. The mixture was vigorously stirred for 4.0 h at room temperature and then was extracted with ethyl 
acetate (130 ml). The aqueous layer was mixed with THF (26 ml). To this mixture was added 10% HCI (70 

35 ml) at room temperature. The resulting mixture was then stirred at room temperature for 14 h during which 

time a white precipitate formed. The reaction was cooled to 0°C for 1.0 hour. The white precipitate was 
filtered off using a medium fritted glass filter and washed with water (20 ml). The solid was dried under 
high vacuum to give the title aldehyde as a white solid (7.7 g, 81 %) with >99.9% ee as determined by chiral 
HPLC. 

40 

Example 8 

[3R-(3a,3aa,4p,7p,7aa)l-3-[2-(1,3-Dioxolan-2-y1)-phenyl]hexahydro-4,7-epoxy-1(3H)-isobenzofuranone 
A. [2(1S,2R),3aa,4p,7p f 7aa]-Hexahydro-2-(2-hydroxy-1-methyl-2-phenylethyl)-4,7-epoxy-2H-isoindole- 
45 1,3-dione 

A solution of (1S,2R)-(+)-norephedrine (9 g, 59.5 mmole) in tetrahydrofuran (THF) (150 mL) was stir- 
red under argon at room temperature. Oxalic acid (5.4 g, 60.0 mmole) was added as a solid, followed by 
THF (50 mL). The mixture became thick with a white precipitate and stopped stirring. (3aa,4p,7p,7aa)-Hex- 
ahydro-4,7-epoxyisobenzofuran-1,3-dione (Lancaster, 10 g, 59.5 mmole) was added as a solid. Triethy- 
50 lamine (17 mL, 122 mmole) was added. The mixture was heated to reflux at which point it began stirring 

again. The reaction was heated at reflux for 24 hours. 

After cooling to room temperature, the reaction mixture was transferred to a separatory funnel con- 
taining saturated sodium bicarbonate (200 mL) and methylene chloride (400 mL). The layers were sepa- 
rated. The aqueous lay r was extract d with methylene chloride (1 x 200 mL). Saturated sodium bicar- 
55 bonate (100 mL) was added to the aqueous layer. Th aqueous layer was extracted with methylene chlor- 

ide (1 x 200 mL). The combined organic layers were dried over magnesium sulfate, then filter d and con- 
centrated in vacuo to provid 1 7.6 g (98%) of the titl imide as a y Now oil. 

Th crud imide was crystal I iz d from hot thylac tat /hexane. Th stirring was stopped and the mix- 
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ture was cooled to room temperature and stored in the cold room for three days. The solid was filtered, 
washed with hexane (3 x) and dried in vacuo to produce 14.1 g (79%) of the title imide as an off-white 
solid. 

Analytical Data 

TLC: Ethyl acetate:h xane 8:2; R f = 0.74; 
visualization: phosphomolybdic acid 
1 H and 13 C NMR: Consistant. 
Rotation: [a] D = -40.1 ° (c = 5.32, CH 3 OH) 
m.p.: 122-124°C 



Microanalysis: Cal'd for C l7 H 19 N 1 O 4 0.07mole H 2 0: 


Found: 


C, 67.46; 
C, 67.64; 


H, 6.38; 
H, 6.37; 


N, 4.63. 
N, 4.66. 



B. [3R-(3a,3aa,4p,7p,7aa)]-3-[2-(1 ,3-Dioxolan-2-yl)phenyl]hexahydro-4,7-epoxy-1 (3H)-isobenzof uranone 

To a solution of Part A imide (604 mg, 2.01 mmol) in tetrahydrofuran (9.0 ml) was added EtMgCI (1.0 
ml of a 2.0 M solution in tetrahydrofuran, 2.0 mmol) at -78°C dropwise via a syringe. After the addition 
was completed, the reaction was stirred for 0.5 hour at -78°C. To this mixture was added dropwise the 
Grignard solution of 2-(2-bromophenyl)-1,3-dioxolane (2.84 ml of a 1.41 M solution in tetrahydrofuran, 4.0 
mmol) at -78°C. After the addition was completed, the reaction was stirred at -78°C for 4.0 h. The dry ice 
bath was removed and the reaction was stirred for an additional 2.0 h. The reaction mixture was cooled 
to 0°C with an ice-water bath and quenched by adding ethanol (1 5 ml). To the resulting mixture was added 
solid NaBH 4 (300 mg, 7.9 mmol). The ice-water bath was allowed to melt and the reaction mixture was 
allowed to warm to room temperature and stirred for 14 h. The reaction mixture was poured into 10% 
Na 2 C0 3 (20 ml) and the mixture was extracted with ethyl acetate (3 x 50 ml). The organic extracts were 
combined, dried over MgS0 4 , filtered and concentrated in vacuo to obtain the crude benzyl ic alcohol (1.22 
g, 104%) which was used in the next step without any additional purification. 

The above crude benzylic alcohol (1 .22 g) was dissolved in toluene (20 ml) and heated to reflux for 3.0 h. 
The resulting solution was cooled to room temperature and then concentrated in vacuo to give the crude lac- 
tone acetal. Purification of the crude product on flash silica gel (1 X 10 cm, hexane first followed by 20% ethyl 
acetate/hexane as eluant) gave the title lactone acetal as a colorless oil which solidified upon standing at room 
temperature (553 mg, 91%) with 96% ee as determined by chiral HPLC. 

The title lactone acetal is then treated with base such as NaOH in the presence of an alcohol solvent such 
as ethanol to form a salt which is treated with strong acid such as HCI to form the aldehyde intermediate as 
described in Example 1. 

Example 9 

[3R-(3a,3aa,4p,7p,7aa)]-3-[2-(1,3-Dioxolan-2-yl)-phenyl]hexahydro^4,7-epoxy-1(3H)-isobenzofuranone 
A. ^(Rj^aa^pJpJaal-Octahydro-I.S-dioxo-N-pentyl-a^hydroxymethylHJ-epoxy^H-isoindole^- 
acetamide 

In an argon purged 1L 3- necked flask, fitted with a reflux condenser, was placed 28. Og of 
(3aa,4p,7p,7aa)-hexahydro-4,7-epoxyisobenzofuran-1,3-dione, 45g of Example 5 amine and 575mL of 
tetrahydrofuran (THF). To the stirred suspension was added 50mLof triethylamine. The mixture was heat- 
ed to reflux for 6 hours. The mixture was then allowed to cool to room temperature. The mixture was poured 
into saturated sodium bicarbonate (2L) and extracted with methylene chloride (3x1 L, 500ml_). The com- 
bined organic layers were dried over magnesium sulfate, filtered and concentrated in vacuo to provide the 
crude title imide. 

The crude title imide was dissolved in 300m L of hot ethyl acetate. Hexane (520mL) was added slowly, 
while maintaining reflux. After addition of the hexane was complete, heating was discontinued and the mix- 
tur was allowed to cool to room temperature. The resulting crystals wer coll cted by suction filtration 
to provide 41.4g (77%) of the title imide. A second crop was obtained from the mother liquor to provide an 
additional 7.33g (14%) of the title imide. 
Analytical Data 

TLC; Ethyl actat : h xan 7:3, R f = 0.13; 
visualization : phosphomolybdic acid. 
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Microanalysis: Card for C 16 H 24 N20 5 : 






C, 59.24; 


H, 7.46; 


N, 8.64. 


5 


Found: 


C, 59.34; 


H, 7.56; 


N, 8.72. 



B. [aR^Sa^aa^pJpJaa^-^P-CI^-Dioxolan^-yQphenyllhexahyd^J-epoxy-ltSHj-isobenzofura- 
none ~~ — 

To a solution of Part A imide (602 mg, 2.00 mmol) in tetrahydrofuran (8.0 ml) was added EtMgCI (2.0 
10 ml of 2.0 M solution in tetrahydrofuran, 4.0 mmol) at 0°C dropwise via a syringe. After the addition was 

completed, the reaction was stirred for 0.5 hour at room temperature. The mixture was cooled to 0°C and 
to this mixture was added dropwise the Grignard solution of 2-(2-bromophenyl)-1,3-dioxolane (2.7 ml of 
a 1 .096 M solution in tetrahydrofuran, 2.96 mmol). After the addition was completed, the reaction was stir- 
red at 0°C for 1.0 h. The reaction was quenched by adding ethanol (8 ml). To the resulting mixture was 
15 added solid NaBH 4 (400 mg, 10.5 mmol). The reaction mixture was stirred for 2 h at room temperature. 

The reaction mixture was poured into 1 0% Na 2 C0 3 (30 ml) and the mixture was extracted with ethyl acetate 
(2 X 40 ml). The organic extracts were combined, dried over MgS0 4( filtered and concentrated in vacuo 
to obtain the crude benzylic alcohol which was used in the next step without any additional purification. 
The above crude benzylic alcohol was dissolved in toluene (20 ml) and heated to reflux for 3.0 h. The re- 
20 suiting solution was cooled to room temperature and then concentrated in vacuo to give the crude lactone acet- 
al. Purification of the crude product on flash silica gel (1X10 cm, hexane first followed by 20% ethyl acet- 
ate/hexane as eluant) gave the pure lactone acetal as a colorless oil which solidified upon standing at room 
temperature (324 mg, 53%) with 61.6% ee as determined by chiral HPLC. 

The title lactone acetal may be employed to form the Example 1 aldehyde employing procedures described 
25 in Example 1 . 

Example 10 

[3R-(3a,3aa,4p,7p,7aa)]-3-[2-(1,3-Di^ 
30 A. [2(R),3aa,4l3,7p,7aa]-Octahydro-1,3-di 

dole-2-acetamide 

In a 500mLf lask was placed 10.0g of the Example 9, Part Aimide, 250mLof dimethylformamide (DMF, 
anhydrous), 2.31g of imidazole and 5.11g of tert- butyl dimethyl si lyl chloride (TBS-CI). The mixture was stir- 
red at room temperature for 17 hours, then diluted with diethyl ether (500mL) and washed with sat'd sodium 
35 bicarbonate (300mL), water (4x400mL) and brine (300mL). The organic layer was dried over magnesium 

sulfate, filtered and concentrated in vacuo to provide 12.3g (91%) of the title TBS-protected imide. 
Analytical Data 

TLC: Ethyl acetate:hexanes 3:2; R, = 0.6; 
visualization: phophomolybdic acid. 

40 B. [3R-(3a,3aa,4p,7p,7aa)]-3-[2-(1,3>Dioxolan-2-yl)-phenyl]hexahydro-4 t 7-epoxy-1(3H)-isobenz 

none 

To a solution of the Part A imide (410 mg, 1.0 mmol) in tetrahydrofuran (2.0 ml) was added EtMgCI 
(0.5 ml of 2.0 M solution in tetrahydrofuran, 1.0 mmol) at 0°C dropwise via a syringe. After the addition 
was completed, the reaction was stirred for 0.5 hour at 0°C. To this mixture was added dropwise the 
45 Grignard solution of 2-(2-bromophenyl)-1,3-dioxolane (1.7 ml of a 1.2 M solution in 50% tetrahydrofur- 

an/toluene, 2.04 mmol). After the addition was completed, the reaction was stirred at 0°C for 1.0 h. The 
reaction mixture was stirred for an additional 2.0 h at room temperature. The reaction mixture was cooled 
to 0°C and additional Grignard solution of 2-(2-bromophenyl)-1,3-dioxolane (1.5 ml of a 0.73 M solution 
in tetrahydrofuran, 1.10 mmol) was added. The reaction mixture was stirred for 10 min at 0°C and then 
50 for 1 .0 h at room temperature. The reaction was quenched by adding ethanol (8 ml). To the resulting mixture 
was added solid NaBH 4 (200 mg, 5.2 mmol). The reaction mixture was stirred for 1 4 h at room temperature. 
The reaction mixture was poured into 1 0% Na 2 C0 3 (1 5 ml) and the mixture was extracted with ethyl acetate 
(2 X 20 ml). The organic extracts wer combined, dried ov r MgS0 4) f ilt r d and concentrated in vacuo 
to obtain th crude benzylic alcohol which was used in th n xt step without any additional purification. 
55 The abov crud benzylic alcohol was dissolved in toluen (10 ml) and heated to r flux for 3.0 h. The r - 

suiting solution was cool d to room t mperature and then concentrated in vacuo to giv the crud title lacton 
acetal. Purification of th crud product on flash silica gel (1 X 10 cm, 15% ethyl acetate/h xane as eluant) 
gave th title lactone acetal as a colorless oil which solidifi s upon standing at room temp rature (110 mg, 
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35%) with 86% ee as determined by chiral HPLC. 

The title lactone acetat may b employed to form the Example 1 aldehyd employing procedures described 
herein. 

5 Exampl 11 

[2(1S ) 2R) t 3aa ) 4pjpjaa]-Hexahydro-2-(2-hydroxy-1,2-diphenylethyl)^y-epoxy-2H-isoindole-1 > 3-dione 

A solution of (1R,2S)-(-)-2-Amino-1,2-diphenylethanol (6,3 g, 29.5 mmole) in tetrahydrofuran (THF) (75 
ml_) was stirred under argon at room temperature. Oxalic acid (2.7 g, 30.0 mmoie) was added as a solid, fol- 

10 lowed by THF (25 mL). The mixture became thick with white precipitate and stopped stirring. (3aa,4p,7p,7aa)- 
Hexahydro-4,7-epoxyisobenzofuran-1,3-dione (Lancaster, 5 g, 29.7 mmole) was added as a solid. Triethyla- 
mine (8.3 mL, 59.5 mmole) was added. The mixture was heated to reflux at which point it began stirring again. 
The reaction refluxed for 22 hours. 

After cooling to room temperature, the reaction mixture was transferred to a separatory funnel containing 

15 saturated sodium bicarbonate (100 mL) and methylene chloride (200 mL). The layers were separated. The aqu- 
eous layer was extracted with methylene chloride (2 x 200 mL). The combined organic layers were dried over 
magnesium sulfate, then filtered and concentrated in vacuo to provide 12.4 g (116%) of the title compound as 
a pale yellow foam. 

The crude title compound was crystallized from hot ethyl acetate/hexane. The stirring was stopped and 
20 the mixture was cooled to room temperature, and stored in the cold room overnight. The solid was filtered, 
washed with hexane (3 times) and dried in vacuo to produce 8.14 g (76%) of the title compound as a white 
solid. 

Analytical Data 

25 

TLC: Ethyl acetate: hexane 8:2; R f = 0.81 .; 
visualization: phosphomolybdic acid 
Rotation: [a] D = +43.7° (c = 2.59, CH 3 OH) 
m.p.: 174-176°C 

30 Following the procedure of Example 1 , Parts B and C, the title imide may be employed to form the Example 

1 aldehyde intermediate. 

Example 12 

35 [2(S) t 3aa,4pjp,7aa]-Hexahydro-2-[1-(hydroxym 

Asolution of (S)-(+)-2-amino-3-methyl-1-butanol (6.2 g, 60.1 mmole) in THF (150 mL) was stirred under 
argon at room temperature. Oxalic acid (5.36 g, 60.0 mmole) was added as a solid, followed by tetrahydrofuran 
(THF) (50 mL). The mixture became thick with white precipitate and stopped stirring. (3aa,4p,7p,7aa]-Hexa- 
hydro-4,7-epoxyisobenzofuran-1,3-dione (Lancaster, 10 g, 59.5 mmole) was added as a solid. Triethylamine 

40 (17 mL, 122 mmole) was added. The mixture was heated to reflux at which point it began stirring again. The 
reaction refluxed for 23 hours. 

After cooling to room temperature, the reaction mixture was transferred to a separatory funnel containing 
saturated sodium bicarbonate (300 mL) and methylene chloride (600 mL). The layers were separated. The aqu- 
eous layer was extracted with methylene chloride (1 x 300 mL and 1 x 200 mL). The combined organic layers 

45 were dried over magnesium sulfate, then filtered and concentrated in vacuo to provide 9.8 g (65%) of the title 
compound as a pale yellow solid. 

The crude title compound was taken up in hot ethyl acetate (10 mL). Hexane (6 mL) was added with stirring 
until solids abruptly began to come out. The stirring was stopped. The mixture was cooled to room temperature 
and stored in the cold room for 16 hours. The solid was filtered, washed with hexane (3 x) and dried in vacuo 

so to produce 5.8 g (39%) of the title compound as a pale yellow solid. A second crop afforded 2.97 g (20%) of 
the title compound as a white solid. 

Analytical Data 

55 TLC: Ethyl acetate: hexane 8:2; R f = 0.46; 
visualization: phosphomolybdic acid 
Rotation: [a] D = +6.30° (c = 5.05, CH 3 OH) 
m.p.: 102-103°C 
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Microanalysis: Cal'd for C 
EtOAc: 


uHigN^-O.IOmole 






C, 61.36; 


H, 7.62; 


N, 5.34. 


5 


Found: 


C, 61.46; 


H, 7.57; 


N, 4.97. 



K.F. Found: 0.09. 

The title imide may be employed to form the Example 1 benzaldehyde using procedures described herein. 

10 

Example 13 

[2(S),3ag,4p,7p,7att]-Hexahydro-2-[1-(hydroxyme^ 

Asolution of(S)-(-)-2-amino-3-phenyl-1-propanol (9g, 59.5mmole)intetrahydrofuran(THF)(150mL)was 

15 stirred under argon at room temperature. Oxalic acid (5.36 g, 59.5 mmole) was added as a solid, followed by 
THF (50 mL). The mixture became thick with white precipitate and stopped stirring. (3aa, 40,70, 7aa]-Hexa- 
hydro-4,7-epoxyisobenzofuran-1,3-dione (Lancaster, 10 g, 59.5 mmole) was added as a solid. Triethylamine 
(17 mL, 122 mmole) was added. The mixture was heated to reflux at which point it began stirring again. The 
reaction refluxed for 22 hours. 

20 After cooling to room temperature, the reaction mixture was transferred to a separatory funnel containing 

saturated sodium bicarbonate (200 mL) and methylene chloride (400 mL). The layers were separated. Satu- 
rated sodium bicarbonate (100 mL) and methylene chloride (100 mL) were added to the aqueous layer. The 
contents of the separatory funnel were filtered through a coarse glass frit. A cake of white solid was collected 
on the frit and discarded The filtrate was separated without problem. The aqueous layer was extracted with 

25 methylene chloride (1 x 100 mL). The combined organic layers were dried overmagnesium sulfate, then filtered 
and concentrated in vacuo to provide 12.3 g (68%) of the title compound as a yellow solid. 

The crude title compound was taken up in hot ethyl acetate (250 mL) and then cooled. The resulting solid 
was filtered off. The filtrate was concentrated, then dissolved in hot ethyl acetate (45 mL). Hexane (90 mL) 
was added with stirring until the solution turned cloudy. The stirring was stopped and the mixture was cooled 

30 to room temperature. The solid was filtered, washed with hexane (3 x 30 mL) and dried in vacuo to produce 
9.89 g (55%) of the title compound as a pale yellow solid. 

Analytical Data 

35 TLC: Ethyl acetate: hexane 8:2; R f = 0.41; 
visualization: phosphomolybdic acid 
Rotation: [a] D = -67.8° (c = 5.70, CH 3 OH) 
m.p.: 129-131°C 



40 


Microanalysis: Cal'd for C^H^N^: 






C, 67.76; 


H, 6.35; 


N, 4.65. 




Found: 


C, 67.72; 


H, 6.32; 


N, 4.66. 



K.F. Found: 0.00 

The title imide may be employed to form the Example 1 aldehyde using procedures described herein. 
Example 14 

[3R-(3a,3aa,4p,7p t 7aa)1-3-[2-(1,3-Pioxolan^ 

A. [2(S),3aa,4p,7p,7aal-Hexahydrch2-(2-hydroxy-1-phenylethylM,7-epoxy-2H-isoindole-1,3-dione 

Asolution of (R)-(-)-2-phenylglycinol (4 g, 29.2 mmole) in tetrahydrofuran (THF) (75 mL) was stirr d 
under argon at room temperature. Oxalic acid (2.6 g, 28.9 mmole) was added as a solid, followed by THF 
(25mL).Th mixtur becam thick with white precipitate and stopped stirring. (3aa,4p,7p,7aa]-H xahydro- 
4,7-epoxyisobenzofuran-1,3-dion (Lancaster, 4.9 g, 29.1 mmol ) was add d as a solid. Triethylamin (8 
mL, 57.4 mmole) was added. The mixtur was heated to reflux at which p int it began stirring again. The 
r action was refluxed for 1 8 hours. 
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After cooling to room temperature, the reaction mixtur was transferred to a separately funnel con- 
taining saturated sodium bicarbonate (100 ml_) and methyl ne chloride (200 mL). The layers were sepa- 
rat d. Saturat d sodium bicarbonate (100 mL) and methyl ne chlorid (100 mL) w r added to the aqu- 
ous layer and separat d with difficulty. Th aqueous lay r was extracted with m thylene chlorid (1 x 
5 100 mL) with difficulty. The combined organic layers were dried over magnesium sulfate, then filtered and 

concentrated in vacuo to provid 8.54 g (100%) of the title imide as a yellow foam. 

The crude title imide was dissolved in EtOAc (45 mL) and heated to reflux. Hexane (45 mL) was added 
with stirring until the solution just turned cloudy. The stirring was stopped and the mixture was cooled to 
room temperature. The solid was filtered, washed with 3:1 hexane:ethyl acetate (3 x 30 mL) and dried in 
10 vacuo to produce 6.42 g (77%) of the title imide as a pale yellow solid. 

Analytical Data 

TLC: Ethyl acetate :hexane 8:2; R f = 0.39; 
visualization: phosphomolybdic acid 
Rotation: [a] D = -0.409° (c = 6.60, CH 3 OH) 
15 m.p.: 121-123°C 



Microanalysis: Cal'd for C^H^N^: 


Found: 


C, 66.89; 
C, 66.7; 


H, 5.96; 
H, 5.94; 


N, 4.88. 
N, 4.97 



B. [3R-(3a,3aa,4p,7p T 7aa)]-3-[2-(1,3-Dioxolan-2-yl)phenyl]hexahydro-4 > 7-epoxy-1(3H)-isobenzofura- 
none 

In a 25mL flame-dried, 2-necked flask, fitted with a reflux condenser, was placed 0.0802g of magne- 
sium metal and 11 .5mL of tetrahydrof uran and a crystal of l 2 . To the warmed solution was added 0.6545g 
of 2-(2-bromophenyl)-1,3-dioxolane. The mixture was heated to reflux and a second crystal of l 2 and 20^L 
of 1,2-dibromoethane were added. Grig nard formation commenced immediately. After 40 minutes at reflux, 
the formation of the Grig nard reagent appeared to be complete. The solution was allowed to cool to room 
temperature. 

In a separate, flame-dried 25mL flask was placed 0.2946g of the Part A imide, and 3.0mL of tetrahydro- 
f uran. The mixture was cooled in a -78°C bath and the Grignard reagent prepared above was added via syringe 
at such a rate that the internal temperature never rose above -70°C. After the addition was complete, the mix- 
ture was allowed to warm to room temperature over 5 hours. The mixture was poured into saturated sodium 
bicarbonate (60mL) and extracted with methylene chloride (2x60mL). The combined organic layers were dried 
over magnesium sulfate, filtered and concentrated in vacuo to provide 0.5950g of crude addition product, which 
was carried on without purification. 

The crude product was placed in a 25mL flask with 2mL of tetrahydrof uran and 2mL of ethanol. To the 
stirred solution was added 0.0789g of sodium borohydride. The mixture was stirred at room temperature for 
1 hour, then poured into saturated sodium bicarbonate (60mL) and extracted with methylene chloride (2x60mL). 
The combined organic layers were dried over magnesium sulfate, filtered and concentrated in vacuo to provide 
0.6g of crude benzylic alcohol, which was carried on without purification. 

The crude benzylic alcohol was placed in a 25mL flask with 10.5mL of toluene. The flask was fitted with 
a reflux condenser and the mixture was heated to reflux for 5 hours, then at 100°C for 18 hours. The mixture 
was allowed to cool to room temperature, then loaded directly onto a silica gel column (3 0x23 0mm) and eluted 
with 2:3 ethyl acetate:hexanes (1L) followed by 3:2 ethyl acetate :hexanes (1L) to provide 0.17g (63%) of the 
desired title lactone-acetal. 



Analytical Data 

TLC: Ethyl acetate: hexane 2:3; R f = 0.55; 
visualization: p-Anisaldehyde stain. 
Rotation: [a] D = +40.2° (c = 0.56, CH 3 OH) 

The title lactone acetal may be employed to form the Example 1 aldehyd employing proc dures describ d 
herein. 

Th following Table A shows the ratio of desired to und sired nantiom rs of th lactone ac tal obtain d 
from various imides and th Grignard r agant prepared from 2-(2-bromophenyl)-1,3-dioxolan or the aryl li- 
thium reagent prepared from 2-(2-bromophenyl)-1 ,3-dioxolane. 
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Table A. Selection of an Aryl Nucleophile/Imide 
Combination. 




Desired Undesired 



Ex. 
No. 


R* 

(conf icr) 


ATM 
(eo) 


% Yield 


Ratio of 


15 


Norephedrine 


ArMgBr 


41% 


28:72 




(IS, 2R) 


(2.51) 






16 


Norephedrine 


ArLi 


59% 


38:62 




(IS, 2R) 


(2.51) 






17 


Phenylglycinol 


ArMgBr 


63% 


13:87 




(R) 


(2.78) 






18 


Phenylglycinol 


ArLi 


29% 


25:75 




(R) 


(2.52) 






19 


Valinol 


ArMgBr 


65% 


86:14 




(S) 


(2.77) 







1 Ratios are expressed as the ratio of desired to undesired Lactone-AcetaL 

Wittig-Horner Olef ination was studied as a means to convert th aid hyde of Exampl 1 to Unsaturated 
Ester (Example 3A). The results of this study are shown in Tabl B below. 
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5 




(Example 1) Unsaturated Ester 

(Example 3 Part A) 



15 

Table B. 





Witting-Horner Olef ination of Example 1 aldehyde. 


20 


Ex. No. 


Solvent 


Phosphonate 
(eq.) 


Base 


Temperature 


trans: cis 


Crude Yield 




20 


THF 


1.10 


□HMDS 


-78°C to r.t. * 


8:1 


110% 




21 


THF 


1.10 


NaH 


-78°C to r.t. 


14:1 


107% 


25 


















22 


THF 


1.10 


KOC (CH 3 ) 2 - 
CH 2 CH 3 


-78°C to r.t. 


26:1 


95% 


30 


23 


THF 


1.10 


KOC (CH 3 ) 2 - 
CH 2 CH 3 


0°C to r.t. 


19:1 


96% 




24 


THF 


1.02 


KOC (CH 3 ) 2 - 
CH 2 CH 3 


-78°C to r.t. 


18:1 


91% 




25 


CH 3 CN 


1.05 


LiCI/DBU 


r.t. 


36:1 


101% 
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Example 26 

[2(S),3aa,4p7pjaaJ-Hexahydro-2-(1-phenylethyl)-4,7-epoxy-1H-isoindole-1 1 3(2H)-dione 
40 Furan (222 ml, 3.06 M) was added under Ar to maleic anhydride (50.0 g, 0.510 M) that had been broken 

up into small pieces in a 2-L 3-necked flask (dried at 125°) equipped with a mechanical stirrer and chilled in 
a cold water bath. After the addition, the flask was stoppered and the maleic anhydride was dissolved by stir- 
ring. The solution was let stand for 22 hrs without stirring. A crystalline mass formed. 

n-BuOAc (500 ml) was added under Ar to form a suspension. The mixture was chilled in an ice-bath. A 
45 mixture of triethylamine (TEA) (71.1 ml, 0.510 M), and (S)-(-)-a-methylbenzylamine (65.7 ml, 0.510 M) was 
added dropwise over 15 min so that the temperature of the reaction mixture never rose above 10°. The sus- 
pension dissolved after stirring for 10 min, the ice-bath was removed and 5% Pd/C (7.19 g) was added. H 2 
was sparged through the mixture. The hydrogenation was followed by TLC (silica gel, EtOAc/HOAc/MeOH 
8:1:1, visualized by KMn0 4 spray). After 2.5 hrs, 1 H NMR (CDCI 3 , 1 drop of the reaction mixture filtered and 
50 washed with CDCI 3 through Celite into the NMR tube) showed no olefin. The excess H 2 was removed by sparg- 
ing with N 2 for 15 min. The catalyst was filtered through Celite and washed with n-BuOAc (4X10 ml) directly 
into a 1-L distillation flask. 

Thefiltrat was partially distill d through a short path still with a heating mantl quipp dwithath rmo- 
couple. Enough heat (mantel t mp. 165°) was applied to distill out 250 ml distillat (furan and TEA) at bp 88- 
55 122° over 30 min. The mantle t mperature (thermocouple) was maintain d at -155° so that another 140 ml 
distillate came over at -124° over 1.5 hrs. TLC (silica gel, EtOAc/HOAc/MeOH 8:1:1, visualiz d by eerie am- 
monium molybdate) show ddisapp arance of acid amid s with 2 spots at RfS 0.28 and 0.34 and title compound 
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at R, 0.85. After cooling to room temperature, the residue in the pot (-400 ml) was washed into a 1-Lseparatory 
funnel with EtOAc and washed with 1 N HCI (300 ml). During the washing, a voluminous precipitate formed. 
Itwasredissolv d by adding EtOAc (300 ml). Th aqu ouslayerwasseparat d and the organic lay rwaswash- 
d with wat r (300 ml), 5% NaHC0 3 (300 ml), brine (1 00 ml), and dried (MgS0 4 ). Darco G-60 (14 g) was add d 

5 and stirred for 15 min, filt red through Celite, and washed with EtOAc (4 X 10 ml). The filtrate was evaporat d 
at a bath temperature of 50° until the residue weighed 300 g. The residue was heated on the steam bath while 
slowly adding heptane (950 ml). Crystals started to form immediately. The hot mixture was allowed to cool to 
room temperature and let stand for 6 hrs. The crystals were collected on a f i Iter (25-50 *i) with their own mother 
liquor, washed with cold heptane, and dried overnight at room temperature. The white crystals of title compound 

10 weighed 117.64 g (85%), mp. 108-9°, [a] D -67° [c = 5.08, CHCI 3 ]. The so-formed imide was used to prepare 
aldehyde as described in Example 1. 

Example 27 

15 [2(S),3aa,4p t 7p t 7aa]-Hexahydro-2-(1-phenylethyl)-4 T 7-epoxy-1H-isoindole-1,3(2H)-dione 
A - IS )-(-) - cHMte thvlhfijxsyjj^^ acid 

20 

Kr&tssri&l F.ra. nolos Squiv, Aaouat 

Maleic Anhydride 98.06 0.102 1.0 10.00 g 
MBA* 121.18 0.107 1.05 13.80 mis 

25 Acetonitrile — 100.0 mis 

* (S) - {-) -a-methylbenzylamine 

30 

A 250 mL three-necked flask fitted with mechanical stirrer, condenser and thermocouple was charged with 
maleic anhydride and acetonitrile. 

The (S)-(-)-a-methylbenzylamine was added dropwise via an addition funnel (over a fifteen minute period) 
with stirring to the maleic anhydride solution. The reaction to form the title compound was complete in three 
35 hours according to HPLC. 

B- M- (S) - (- ) -a-Meth vJLhenzvlmaleimidfi 
Katosri&l p.*. nol®Q Squiv. Aaouat 
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Part A maleamic acid — 1.0 100.0 mis 

approx . 

Diisopropylamine 101.19 0.204 2.0 28.58 mis 

161.14 0.204 2.0 43.00 mis 

*1, 1, 1,3,3, 3-Hexamethyldisilazane 



Diisopropylamine was add d to the stirring colorless r action solution via an addition funnel followed by 
55 a rapid addition of the HMDS. 

The reaction solution was h ated to ref lux (76.0°C) and ref I uxing was maintain df r 18 hours. Th reaction 
solution changed from a colorl ss solution to a dark wine solution. Th r action to form the title compound 
was judg d compl t via HPLC. 
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The reaction solution was allowed to cool to room temperature and the acetonitrile was removed in vacuo 
giving a wine colored oil. Ethanol (50 ml) and 1 N HCI (50 ml) were added to the oil and the solution was stirred 
at45°Cfortenminut s.Th thanol was remov d in vacuo and the wine solution was extracted with methyl n 
chloride (100 ml). Th organic lay r was washed with saturated sodium bicarbonate (50 ml), brine (50 ml) and 

5 dried over anhydrous magnesium sulfat . The methyl ne chlorid was remov d in vacuo to give a dark wine 
oil (13.09 g, 63.8 M% yield). This oil was purifi d on a pad of silica g I luting with h xane/ethyl acetate 7:3 
to give the title compound as a pale amber oil (10.71 g, 52.2 M% yield). 

C. r2(S) t 3aa,4B t 7B,7aa1-Hexahvdro-2-(1-phenylethyl)-4J-epoxy-1H-isoindole-1 f 3(2H)-dione 
AICI 3 (0.199 g, 1.49 mM) was added to Part B imide (1.0 g, 4.98 mM) and furan (1.08 ml, 14.9 mM) stirred 

10 in CH 2 CI 2 (16.6 ml) chilled in an ice-bath under an argon atmosphere. After 15 min the ice-bath was removed 
and the mixture was stirred overnight at room temperature. A black precipitate was formed. TLC (silica gel, 
EtOAc-Hexane 1:1, visualized by UV and eerie ammonium molybdate) showed disappearance of the imide Rf 
0.71 and appearance of the product at R f 0.44. EtOAc (20 ml) and 1 N HCI (20 ml) were added and stirred for 
10 min. The mixture was filtered through Celite to remove a brown solid which was washed on the filter with 

15 EtOAc (100 ml). The filtrate was added to a separatory funnel, the aqueous layer separated, and the organic 
layer washed with 1 N HCI (20 ml), water (20 ml), 5% NaHC0 3 (20 ml), brine (10 ml), and dried (MgS0 4 for 5 
min). Darco G-60 (0.5 g) was added and stirred for 30 min. The mixture was filtered through Celite and evapo- 
rated to -25 ml. The residue was washed with 25 ml EtOAc into a hydrogenation flask containing 5% Pd/C 
(0.1 g). H 2 was sparged through the mixture for 1 hr. N 2 was sparged for 15 min. to remove excess H 2 . Darco 

20 G-60 (0.5 g) was added and stirred for 30 min. The mixture was filtered through Celite, washed with EtOAc, 
and evaporated to give 1.27 g (94% crude yield). 

The semisolid residue was dissolved in EtOAc (1 .5 ml) and heptane (10 ml) by heating on the steam bath. 
The solution was let stand at room temperature for 2 hrs and at 0° for 3 hrs. The crystals were filtered, washed 
with cold hexane and dried overnight under vacuum to yield 1.12 g (83%) of the title compound, mp. 107-9°. 



Anal, calcd. for C 16 H 17 N0 3 (271.3) 


Found: 


C, 70.83; 
C, 70.88; 


H, 6.32; 
H, 6.25; 


N, 5.16; 
N, 5.19; 


H 2 0 0.00 
H 2 0 0.01 (KF) 



The title intermediate was employed to prepare the aldehyde as described in Example 1. 
Example 28 

[2(S),3aa,4p,7p ) 7aa]-3a,4,7,7a-TetrahydrD-2-(1-phenylethyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dione 

AICI3 (0.199 g, 1.49 mM) was added to a solution of imide (prepared as described in Example 27, Part B) 
(1.0 g, 4.98 mM) and furan (1.08 ml, 14.9 mM) in CH 2 CI 2 (16.6 ml) chilled in an ice-bath under an argon at- 
mosphere. After stirring for 15 min. the ice-bath was removed and the mixture stirred overnight at room tem- 
perature. A black precipitate was formed. TLC (silica gel, EtOAc-hexane 1:1, visualized by UV and eerie am- 
monium molybdate) showed disappearance of Example 27 Part B imide (R f 0.71) and appearance of the title 
compound at R f 0.44. EtOAc (20 ml) and 1 N HCI (20 ml) were added and stirred for 10 min. The mixture was 
filtered through Celite from a brown solid which was washed on the filter with EtOAc (100 ml). The organic 
layer was washed with 1 N HCI (20 ml), water (20 ml), 5% NaHC0 3 (20 ml), brine (10 ml), and dried (MgS0 4 
for 5 min). Darco G-60 (0.5 g) was added and stirred for 30 min. The mixture was filtered through Celite and 
evaporated to a foam which solidified to give 1.36 g (99% crude yield estimated from NMR, contained 10% 
EtOAc). 

The crude product was dissolved in 10% EtOAc/hexane and filtered through a pad of silica gel and then 
chromatographed on silica gel (25 x 300 mm column). Product was eluted with EtOAc/ hexane (1:4) collecting 
50 ml fractions. Pure fractions by TLC (silica gel, EtOAc/hexane 1:1, visualized by UV and eerie ammonium 
molybdate, Rf 0.44) were collected and evaporated to yield 1.18 g (88%) of the title compound, mp. 101-3°, 
[ot] D =-70.0° (c=1.5, CHCI3). 





Anal, calcd. for C 16 H 15 N0 3 (269.3) 


55 




C, 71.36; 


H, 5.61; 


N, 5.20; 


H 2 0 0.00 




Found: 


C, 71.26; 


H, 5.61: 


N, 5.24; 


H 2 0 0.02 (KF) 
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The titl imide was hydrogenated to the corresponding hexahydro compound as describ d in Example 27 
and employed to pr pare aldehyde as described in Exampl 1 . 

Exampl 29 

(S)-(-)-a- Methyl benzyl male imide 

Laatosrial Molts® gquiv* Aaoiaat 

Maleamic acid* 219.24 0.245 1.0 53.8 g 

HMDS** 161.40 0.758 3.1 160.0 ml 

Acetonitrile -- — — 150 o ml 

* (S) - (-) -a-Methylbenzylmaleamic acid 
1, 1, 3, 3 , 3-Hexamethyldisilazane 



A 2000 mL three necked flask fitted with mechanical stirrer, condenser and thermocouple was charged 
with 53.8 grams of Example 27 Part A maleamic acid, 1 500 mis. of acetonitrile and 1 60 mis. of HMDS. 
25 The above solution was ref luxed for 48 hours. The reaction was judged to be complete by the absence of 

starting maleamic acid by HPLC. 

The pink reaction solution was cooled to room temperature and acetonitrile was removed in vacuo . The 
resulting oil was dissolved in ethyl acetate (500 mis) and washed with 50 mis. of a 1N HCI solution followed 
by 100 mis. of a saturated bicarbonate solution. The rich organic layer was washed with a saturated brine sol- 
30 ution and dried over magnesium sulfate. The removal of the ethyl acetate in vacuo afforded 36.0 grams of title 
compound. 72.9M% yield. 

The reaction solution was allowed to cool to room temperature and the acetonitrile was removed in vacuo 
giving a wine colored oil. Ethanol (50 ml) and 1 N HCI (50 ml) were added to the oil and the solution was stirred 
at45°C for ten minutes. The ethanol was removed in vacuo and the wine solution was extracted with methylene 
35 chloride (100 ml). The organic layer was washed with saturated sodium bicarbonate (50 ml), brine (50 ml) and 
dried over anhydrous magnesium sulfate. The methylene chloride was removed in vacuo to give a dark wine 
oil (13.09 g, 63.8M% yield). This oil was purified on a pad of silica gel eluting with hexane/ethyl acetate 7:3 
to give the title compound as a pale amber oil (10.71 g, 52.2M% yield). 

The title compound was employed to prepare the Examples 27 and 28 compounds. 



Example 30 

[2S-(2a,3aa,4p,7p,7aa)l-2-(Octahydro-3-oxo-4 ) 7-epoxyisobenzofuran-1-yl)-benzaldehyde 
A. (S)-1-[2-(Acetyloxy)-1-phenylethyl]-2,5-dihydro>1 H-pyrrol-2,5-dione 



CHIRAL 



55 ■« OAC 




1,3-Bis(trim thylsilyl)ur a (0.745 g, 3.65 mM) was added to (S)-(+)-2-phenylglycinol (0.5 g, 3.65 mM) 
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dissolv d in THF (10 ml, distilled from Na/benzophenone). The mixture was refluxed for 1 hr. A precipitate 
formed. Maleic anhydride (0.376 g, 3.83 mM) was added and the mixture was refluxed for 0.5 hr. H 2 0 (66 
til, 3.65 mM) was add d to the cooled mixture and stirred for 30 min. to form the interm diat 




which was not recovered from the reaction mixture. Tetrabutyl-ammonium fluoride (TBAF-3H 2 0, 0.115 g, 0.365 
15 mM), acetic anhydride (Ac 2 0) (3,44 ml, 36.5 mM), and TEA (3.0 ml, 21.9 mM) were added and the mixture re- 
fluxed for 2.5 hrs. After cooling to room temperature, H 2 0 (15 ml) was added and stirred for 1 hr. The reaction 
mixture was taken up in EtOAc (75 ml), washed with water (2 x 50 ml), 5% NaHC0 3 (50 ml), brine (25 ml), 
dried (MgS0 4 ), and evaporated to a black oil: 0.88 g. The oil was Kugalrohr distilled under vacuum (-0.3 mm), 
oven temperature 110-30°, giving the title compound as a colorless oil: 0.79 g (83% yield). TLC (silica gel, 
20 EtOAc/hexane 7:3 visualized with UV and KMn0 4 ) showed the product as one spot at R f 0.60. 





Calcd. for C 14 H 13 N0 4 (259.26) 






C, 64.86; 


H, 5.05; 


N, 5.40 




25 


Found: 


C, 65.15; 


H, 5.05; 


N, 5.31; 


H 2 0 0.00 (KF) 



B. [2(S),3aa,4p,7p,7aa]-2-[2-(Acetyloxy)-1-phenylethyl]-3a, 4,7,7a-tet^ahydro-4,7-epoxy-1H-isoindole- , 
1,3(2H)-dione 



30 




O 

40 _ 



Tin chloride (2.90 ml, 2.90 mM, 1.0 M in CH 2 CI 2 ) was added by syringe to 10 ml CH 2 CI 2 at room tem- 
perature under argon. Part A compound (0.5 g, 1.93 mM) in 1 ml CH 2 CI 2 was added and then furan (0.70 
ml, 9.65 mM) was introduced. After 6 hours another 0.70 ml furan was added and the mixture stirred over- 
night. The mixture turned brown and a precipitate formed. The mixture was taken up in EtOAc (75 ml)/1 
N HCI (25 ml). It was filtered to remove the brown insoluble material. The layers were separated, and the 
EtOAc layer was washed with 1 N HCI (25 ml), water (25 ml), 5% NaHC0 3 (25 ml), brine (10 ml), dried 
(MgS0 4 ), and evaporated to a yellow foam: 0.681 g. 

The foam was taken up in 30 ml warm MeOH, stirred with 5 g charcoal for 15 min, filtered through 
Celite, and evaporated to a slightly colored oil: 0.55 g. The oil was triturated with 3 ml MeOH. Crystals 
formed immediately. After standing at 0° for 1 hour, the crystals were filtered, washed with cold MeOH (2 
X 1 ml) and dried under vacuum over night to give the title compound: 0.47 g (75%), mp. 117-9°, [a] D +14.5° 
(c=1,CHCI 3 ). 
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Anal, calcd. for C 18 H 17 N0 5 0.1 H 2 0 (MW 327.32/329.2 ) 


Found: 


C, 65.67; 
C, 65.75; 


H, 5.27; 
H t 5.07; 


N, 4.25; 
N, 4.43; 


H 2 0 0.57 
H 2 0 0.57 (KF) 



C. [2(S),3aa,4pjp Jaa]-Hexahydro-2-(2-hydroxy-1-phenylethyl)-4,7-epoxy-1 H-isoindole-1 ,3(2H)-dione 



10 



15 




20 Part B compound (0.400 g, 1 .22 mM) and 5% Pd/C (40 mg) were stirred in EtOAc (10 ml) and H 2 was 

sparged through the mixture for 1 .2 hrs. TLC (silica gel, EtOAc/hexane 7:3 visualized with UV and KMn0 4 ) 
showed the Part B olefin and the saturated intermediate 



25 



30 




with the same R f 0.44. The olefin spot was KMn0 4 positive while the spot for the saturated intermediate (U V 
35 positive) from the reaction mixture was negative. N 2 was sparged through the mixture for 15 min to remove 
excess H 2 . The catalyst was filtered through Celite and washed with EtOAc (4X2 ml). The filtrate was evapo- 
rated to an oil which solidified on standing after 2 days to saturated intermediate as fine white needles: 415 
mg (quan. yield), mp. 96-8°. 

The above solid saturated intermediate (0.360 g, 1 .06 mM) was dissolved in MeOH (1 0 ml) and K 2 C0 3 
40 (15 mg) was added and stirred for 4 hrs. The K 2 C0 3 gradually dissolved. TLC (silica gel, EtOAc/hexane 

7:3, visualized with UV and eerie ammonium molybdate) showed disappearance of saturated intermediate 
and appearance of a spot for the title compound at R f 0.20. MeOH was evaporated and the residue was 
taken up in EtOAc (25 ml) and washed with 1 N HCI (10 ml), H 2 0 (10 ml), 5% NaHC0 3 (10 ml), and brine 
(10 ml), dried (MgS0 4 ), and evaporated: 0.29 g. 
45 The residue was dissolved in hot EtOAc (1.5 ml) and hexane (3 ml) was added with heating. The sol- 

ution was let stand at room temperature for 3 hrs and at 0° for 2 hrs. The crystals were filtered, washed 
with cold hexane, and dried under vacuum overnight to give the title compound as a white solid: 0.25 g 
(82%), mp 118-9°, [a] D -16.0° (c=1.3, CHCI 3 ). 



Anal, calcd. for C 16 H 17 N0 4 , (MW 287.1) 


Found: 


C, 66.89; 
C, 66.83; 


H, 5.96; 
H, 6.01; 


N, 4.88 
N, 5.06; 


H 2 0 0.00 (KF) 



D. [2S-(2a,3aa,4p,7p,7aa)]-2-(Octahydro-3-oxo-4,7-epoxyisobenzofuran-1-yl)-benzaldehyde 

Following the procedure of Exampl 1 Parts C and D, the title benzaldehyde is obtained which is used 
in th procedure outlined in Example 6 to obtain the final product of Example 6. 
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Exampl 3QA 

(S)-1-[2-(Ac tyloxy)-1-ph nylethyl]-2,5-dihydro-1H-pyrrol-2,5-dion (Alternativ Synth sis) 



5 

A. 



10 




CO a H 



Maleic anhydride (358 mg, 3.65 mM) was added to (S)-(+)-2-phenylglycinol (500 mg, 3.65 mM) dissolved 
in 5 ml THF stirred under Ar. A precipitate formed immediately but redissolved after 1 hr. The mixture was stirred 
overnight. TLC (silica gel, EtOAc/HOAc 95:5) showed two spots, the product Rf 0.34, and a lower R f spot, Rf 
0.09. The THF was evaporated, and the residue was dissolved in 6 ml hot CH 2 CI 2 . Crystals formed almost im- 
20 mediately in the hot mixture which was let stand at 5° for 2 hrs. The crystals were filtered, washed with cold 
CH 2 CI 2 , and dried under vacuum to give the title compound: 600 mg (70%), mp. 131-2°. 

B. 



25 



30 




O 



Acetic anhydride (5.38 ml, 57.1 mM) and triethylamine (7.94 ml, 57.1 mM) were added to the Part Aamide 
35 acid (2.5 g, 11.4 mM) stirred in 20 ml THF. The mixture was refluxed in an 85° oil bath for 2.5 hrs (TLC: silica 
gel, EtOAc/HOAc95:5, SM Rf 0.34, product 0.71; the SM disappeared and an anhydride intermediate (R f 0.41) 
formed which disappeared into the product as the reaction proceeded). The mixture was allowed to cool to 
room temperature, 20 ml H 2 0 was added, and the mixture stirred for 1 hrto hydrolyze any anhydride. The mix- 
ture was taken up in 125 ml EtO Ac, washed with 1 N HCI (50 ml), H 2 0 (50 ml), 5% NaHC0 3 (50 ml), and brine 
40 (25 ml), and then dried (MgS0 4 ) and evaporated to give a black oil, 2.83 g. 

The oil was chromatographed on silica gel (50 x 160 mm) eluted with 500 ml 10% EtOAc/Hexane and 500 
ml 20% EtOAc/Hexane collecting 40 ml fractions. Pure fractions by TLC (silica gel, EtOAc/Hexane, 4:6, R f 0.37) 
were combined and evaporated to give the title compound in the form of a slightly colored oil: 2.01 g (69%). 

45 Example 31 

[1S-(1a,2a,3a,4a)]-2-[[3-[4-[(Pentylamino)carb^ 
nepropanoic acid, magnesium (2:1) salt 

Example 6 compound (3.0 g, 6.82 mmol) was dissolved in 50 mL MeOH at 40°C and the warm solution 

so was poured into a mechanically stirred slurry of MgO (0.504 g, 12.5 mmol) in 50 mL water preheated at 40°C 
under argon. MeOH (50 mL) was added to the reaction mixture. The pH of the suspension was 6. The temper- 
ature of the mixture was maintained at 40°C. The pH of the mixture rose to 9.5 over 15 min. The warm bath 
was removed and after stirring for 15 min. the mixture was filter d through a membrane filter (Rainin Nylon- 
66 filter 0.45 ^im). The filter cake was washed with 15 mL mixture of MeOH/H 2 0 (2:1) and the solvent was 

55 evaporated on a rotary vaporator at 35°C. The product was redissolved in 15 mL M OH and evaporated to 
dryn ss. Th product was dried further under vacuum ov might to giv 3.03 g (yield 97.4%) of th titl mag- 
n sium salt, mp 142-45°C, [ct] D = +8.1° (c=1, M OH). 
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Analysis cald for (C 25 H3iN 2 0 5 ) 2 Mg-0.97 H 2 0; MW 903.38/920.81 


Found: 


C, 65.21; 
C, 65.07; 


H, 7.00; 
H, 7.03; 


N, 6.09; 
N, 5.92; 


Mg, 2.64; 
Mg, 2.80; 


H 2 0, 1.90 
H 2 O1.90 (KF) 



Claims 

10 

1. A compound having the structure 




o 



including all stereoisomers thereof, 
25 wherein R 5 is -CHO or -CH=CH-C0 2 R 6 wherein R 6 is H or alkyl. 

2. The compound as defined in Claim 1 in substantially enantiomericaliy pure form. 

3. A method for preparing a carboxylic acid intermediate of the structure 

30 



35 




40 

which comprises providing an aldehyde as defined in Claim 1 of the structure 
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O 



treating th ab ve aldehyd with a trialkylphosphonic acid, est r or diester thereof, or a magnesium salt 
of a monoalkyl malonate of the structure 
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<R*0 



O O 

AA 



where R a is lower alkyl, to form an ester of the structure 




o 



CO a *lkyl 



and subjecting the above ester to hydrogenation by treating the ester with hydrogen in the presence of 
a hydrogenation catalyst, to form the carboxylic acid intermediate. 

The method as defined in Claim 3 wherein the aldehyde is reacted with a trialkylphosphonic acid ester 
of the structure 



wherein alkyl and alkyl* may be the same or different, in a Horner-Emmons reaction wherein the reaction 
takes place in the presence of a base which is 1,8-diaza-bicycio[5,4.0]undec-7-ene (DBU), 1,5-diazabi- 
cyclo-[4.3.0]non-5-ene (DBN) or Hunig's base and an alkali metal salt or an alkaline earth metal salt or 
the aldehyde and phosphonic acid ester are reacted in a Horner-Emmons reaction wherein the reaction 
takes place in the presence of sodium hydride, lithium-bis(trimethylsilyl)amide, or potassium t-amylate. 

The method as defined in Claim 3 wherein the starting aldehyde is in substantially enantiomerically pure 
form. 

A method for preparing a carboxylic acid intermediate of the structure 



O 

UlkylO) 2F-CH 3 -co a al)cyl • 




O 



C0 3 CH 3 



which comprises providing an aldehyde as defined in Claim 1 of the structure 
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'CEO 



treating the above aldehyde with malonic acid in the presence of weak base to form the acid 




esterif ying the acid by treating the acid with an alkanol in the presence of an acid catalyst to form the 
ester 




and subjecting the ester to hydrogenation by treating the ester with hydrogen in the presence of a hydro- 
genation catalyst, to form the carboxylic acid intermediate. 

The method as defined in Claim 6 wherein the reaction of the aldehyde and malonic acid is carried out 
in the presence of pyridine, lutidine or collidine and a catalytic amount of piperidine and the acid is esteri- 
f ied in the presence of a strong acid catalyst which is sulfuric acid, p-toluenesulfonic acid or camphorsul- 
fonic acid. 

A method for preparing an ester intermediate as defined in Claim 1 of the structure 
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which comprises providing an aldehyde of the structure 




CHO 



subjecting the aldehyde to a Horner-Emmons reaction by treating the above aldehyde with a phosphonic 
acid ester of the structure 



O 
II 

(alkylO) a P-CH a -C0 2 *lkyl • 



wherein alkyl and alkyl' may be the same or different, in the presence of a base to form the ester inter- 
mediate. 

A compound having the structure 




including all stereoisomers thereof, 

wherein 

R 7 is aryl or lower alkyl, 
R 8 is H, aryl or lower alkyl, 
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R 9 is H, OH or lower alkyl. 
10. A method for preparing an alcohol-amide as defined in Claim 9 of the structure 




wherein 

R 7 is aryl or lower alkyl, 

R 8 is H, aryl or lower alkyl, and 

R 9 is H, OH or lower alkyl, 
which comprises providing an imide of the structure 




reacting the imide with a metallated aryl compound of the structure 




where Metal is MgBr 2 or Li, to form a hemi-aminol of the structure 
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10 




15 and reducing the above alcohol to form the alcohol-amide as defined above. 

11. The method as defined in Claim 10 wherein (1) R 9 is OH and the imide is reacted with an alkyl- or aryl- 
magnesium halide and the Grignard reagent 



20 



25 




Mg&r 



30 or (2) the imide is reacted with an alkyllithium compound R a Li where R a is lower alkyl and an aryllithium 

compound 



35 




40 

to form the hemi-aminol. 
45 12, The method for preparing an aldehyde as defined in Claim 1 of the structure 



50 



55 




CHO 
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which comprises providing an amine of the structure 

H 

H a H— C— R 7 
H — C— R § 

j. 

wherein R 7 is aryl or lower alkyl, R 8 is H, aryl or lower alkyl, and R 9 is H, OH or lower alkyl, reacting the 
amine with an anhydride of the structure 




to form an imide of the structure 




subjecting the imide to a Grignard reaction by treating same with (1) C 2 H 5 MgCI or C 2 H 5 MgBr (where R 9 
is OH) and an aryl Grignard reagent of the structure 



or (2) Ra|_i and 
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(where R^OH), 

to form a compound of the structure 



5 



10 



15 




treating the above with a reducing agent to form the compound of the structure 




and treating the above alcohol with optional base and then acid to form the intermediate aldehyde. 

35 

13. Amethodfor preparing an aldehyde as defined in Claim 1 which comprises providing an amide of the struc- 
ture 



40 



45 




(a) subjecting the amide to lactonization by heating the amide in toluene to form the lactone of the structure 



55 



55 
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10 




treating the lactone with aqueous strong base to form the metal salt of the structure 



15 



20 




25 or (b) treating the amide with NaOH to form the above metal salt, and treating the metal salt with strong 

acid to form the aldehyde substantially as a single enantiomer. 

14. A method for preparing an oxazole acid of the structure 



30 



35 



40 




(CH a ) 3 -CO a H 



wherein R 1 is hydrogen, lower alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, or an amide of the structure 



45 



O B 

-<CH 2 ) t -C-M-R a 



or 



H O 

<CH a ) t -H-C-R % 



wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl or cycloalkylalkyl; 
50 R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or 

R 1 and R 2 together with the N to which they are linked form a 5- to 8-membered ring which contains 
only the single N heteroatom; which comprises providing an aldehyde as defined in Claim 1, treating the 
aldehyd with a trialkylphosphonic acid to form an ester of th structure 



55 
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5 




hydrogenating the so-formed ester to the carboxylic acid of the structure 




o 



and employing the so-formed carboxylic acid to prepare the above oxazole acid. 

25 

15. A method for preparing an oxazole acid of the structure 



30 



35 




40 wherein R 1 is hydrogen, lower alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, or an amide of the structure 

OH BO 
II I I II 

-<CH a ) t -C-H-R a or - (CH a ) t -H-C-R a 

45 

wherein t is 1 to 12 and R a is lower alkyl, aryl, cycloalkyl or cycloalkylalkyl; 
R 2 is hydrogen, lower alkyl, aryl, or aralkyl; or 

R 1 and R 2 together with the N to which they are linked form a 5- to 8-membered ring which contains 
only the single N heteroatom; which comprises providing an aldehyde as defined in Claim 1, treating the 
50 aldehyde with malonic acid in the presence of pyridine and catalytic amounts of piperidine to form an acid 

lactone of the structure 



55 
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10 




CO^H 



esterif ying the so-formed acid by reaction with an alkanol to form the corresponding ester, hydrogenating 
the so-formed ester to form the carboxylic acid of the structure 



15 



20 




COjCH, 



25 and employing the so-formed carboxylic acid to prepare the above oxazole acid. 

16. The method as defined in Claim 15 wherein the carboxylic acid is coupled with an amine of the structure 



30 



35 



O 
I' 

(CO a H) 3 .H a H^ C R 1 
HCH 



40 



45 



50 



in the presence of oxalyl chloride to form the ester of the structure 




co a «lkyl 



reacting the ester with methanesulfonyl chloride to form the corresponding mesylate, treating the mesy- 
late with tri thylamine to form the oxazoline of th structure 



55 
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10 




15 



20 



25 



oxidizing the oxazoline by treating the oxazoline with cupric bromide in the presence of DBU to form the 
oxazole of the structure 




CO a «lkyl 



amd hydrolyzing the resulting ester to the corresponding acid. 
3 o 17. The method as defined in Claim 14 wherein the carboxytic acid is coupled with an amine of the structure 



35 



40 



(CO a H) a «H a N 



\ 



HCH 



OH 



in the presence of oxalyl chloride to form the ester of the structure 



45 



50 



55 




C0 3 alkyl 



reacting the ester with m thanesulfonyl chloride to form the corr sponding mesylate, treating the m sy- 
lat with tri thylamin to form the oxazoline of the structure 
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R a 



oxidizing the oxazoline by treating the oxazoline with cupric bromide in the presence of DBU to form the 
oxazole of the structure 

15 




and hydrolyzing the resulting ester to the corresponding acid. 
30 18. A method for preparing an imide intermediate as defined in Claim 9 having the structure 



35 



40 




which comprises reacting an anhydride compound of the structure 

o 



c 

55 | <R 7 *H) 

HC— R* 
I 

R* 



45 



50 

with an amine of the structure 
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in the pres nc of an amine base to form a compound of the structure 



10 




15 



reducing the above compound by reacting with hydrogen in the presence of a reduction catalyst to form 
a compound of the structure 



20 




OH 



H 

_U« 7 

f (R 7 *H) 



HC— R* 

I 



25 



and heating to remove water and amine to form the imide intermediate. 
19. A method for preparing an imide intermediate as defined in Claim 9 having the structure 



30 



35 



of <R 7 *H) 



° HC— R a 



40 



which comprises reacting maleic anhydride 



45 



with an amine of the structure 



50 



c 

I 

HC— R 8 
I 



(R 7 *H) 



55 



to form an imide of the structure 
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w reacting the above imide with f uran in the presence of a Lewis acid to form an imide of the structure 



15 



<R 7 #H) 



° HC— R a 



20 



and reducing the above imide by reacting the imide with hydrogen in the presence of a reduction catalyst 
to form the imide intermediate. 

20. A method for preparing an imide intermediate as defined in Claim 9 having the structure 



25 



30 



{i ^— V C-R 7 

I 

° CH 2 OH 

which comprises treating an ester compound of the structure 



35 



40 




H — C— R 7 

CH 3 OCOCH 3 



45 



50 



with f uran to form a compound of the structure 



B 



H C— R 7 



CH 3 OCOCH 3 



55 



treating the ab ve compound with alkali metal carbonate in methanol, to form an alcohol of the structure 
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5 




and treating the alcohol with H 2 in the presence of a transition metal catalyst to form the imide intermedi- 
10 ate. 



15 



20 



25 



30 



35 



40 



45 



50 
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